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PEEFACE  TO  THE  FIRST  EDITION 


Professor  Wiedersheim’s  Grundriss  dcr  vergleiclmiden . 
Anatomie  dcr  WirbeWiiere,  published  at  Jena  in  1884-,  was  written 
to  sujiply  a need  which  had  been  felt  for  some  time  past  for  a short 
text-book  on  Vertebrate  Anatomy  embodying  some  of  the  more 
recent  views  on  the  subject.  The  present  book  is  a modified 
translation  of  the  Grtmdriss,  and  it  is  hoped  that  it  will  serve  to 
render  Professor  V iedersheim’s  work  more  widely  kuown  amongst 
English  students. 

The  plan  of  the  original  has  been  retained  throughout,  thoug'h 
numerous  additions  and  modifications  have  been  made  to  the  work  ; 
for  many  of  these  I have  to  thank  Professor  Wiedei’sheim, — for 
others  I am  myself  responsible.  I must  also  express  my 
indebtedness  to  Professor  Wiedersheim  for  revising  the  whole 
translation  with  me  last  summer,  and  for  much  help  while  the 
work  was  in  progress. 

Within  the  limits  of  a short  text-book  like  the  pi’esent,  much 
of  the  matter  is  of  necessity  greatly  condensed : more  detailed 
accounts  of  the  various  parts  and  organs  will  be  found  in  the  new 
edition  of  Professor  Wiedersheim’s  Lchrhuch  dcr  vcrgl.  Anatomie 
dev  WirlcUUcrc,  which  is  to  appear  shortly,  and  on  the  first  edition 
of  which  the  Grundriss  was  founded. 


VI 


PREFACE 


The  brevity  of  the  descriptions  is,  however,  to  some  extent 
made  up  for  by  the  number  of  woodcuts.  Most  of  these  are  taken 
from  the  German  edition,  but  several  new  figures  have  been 
added. 

The  arrangement  of  the  book  according  to  organs,  and  not 
according  to  groups  of  animals,  is  likely  to  render  it  more  difficult 
for  a beginner,  and  a general  knowledge  of  Zoology  will  be  of 
great  assistance.  The  pages  on  which  the  different  groups  are 
described  are,  however,  collected  together  in  the  index,  so  that  the 
sections  relating  to  any  one  group  can  be  easily  referred  to.  The 
present  arrangement  seems  to  be  the  only  possible  one  if  the  book 
is  to  be  founded  on  a scientific  basis,  for  it  is  most  important  that 
the  student  slionld  grasp  the  fact  that  there  has  been  an  evolution 
of  organs,  as  well  as  of  animals. 

The  more  theoretical  and  detailed  matter  is  ju’inted  in  small 
type,  and  in  the  form  of  notes  : the  student  should  in  most  cases 
pass  this  over  when  reading  the  book  for  the  first  time.  A black 
and  a spaced  type  have  been  used  to  render  prominent  important 
words  or  sentences. 

A bibliography  is  appended  at  the  end  of  each  chajjter.  This 
in  no  case  presumes  to  be  anything  like  a complete  list  of  the 
literature  of  the  subject:  our  object  has  been  more  particularly 
to  mention  the  recent  and  the  more  important  works,  though  many 
of  these  have  doubtless  been  omitted.  References  to  other  re- 
searches can  be  found  by  consulting  the  works  mentioned. 

At  Professor  Wiedersheim’s  suggestion,  I have  not  inserted  a 
translation  of  the  preface  to  the  original,  as  it  seemed  unnecessary 
so  to  do.  I may,  however,  mention  that  the  book  was  written  for 
students  of  Medicine,  as  well  as  for  those  of  Comparative  Anatomy : 
the  intimate  connection  of  the  two  subjects  renders  it  most 
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important  that  medical  students  should  have  a general  scientific 
basis  for  their  special  anatomical  knowledge. 

My  sincerest  thanks  are  due  to  my  friends  Professors  F.  Jeffrey 
Bell  and  G.  B.  Howes,  who  have  kindly  read  through  the  proof- 
sheets.  To  them  I am  indebted  for  numerous  valuable  suggestions, 
as  well  as  for  correcting  many  faults  of  style  and  expression  which 
had  escaped  my  notice.  I must  also  express  my  thanks  to  my 
father,  Professor  W.  K.  Parker,  and  to  Dr.  Gadow,  for  many  special 
details  in  connection  with  the  skeleton,  as  well  as  to  Mr.  E. 
Radford  for  helj)  in  making  the  index. 


University  College,  Cardiff, 
May,  1886. 


W.  N.  PARKER. 


PKEFACE  TO  THE  SECOND  EDITION 


Since  the  publication  of  the  first  edition  of  the  G7'undriss,  on 
which  the  first  English  edition  was  founded,  two  further  German 
editions  have  appeared,  one  in  1888  and  another  in  1893,  the 
latter  containing  G95  pages  as  compared  with  272  pages  in  the 
first  edition.  The  book  has,  in  fact,  grown  beyond  the  limits  of 
a “Gnmdriss,"  and  has  replaced  the  original  Lcho'buch,  no  new  edition 
of  which  has  appeared  since  1886. 

As  it  seemed  desirable  that  the  second  English  edition 
should  be  brougJit  up  to  date  without  greatly  exceeding  the 
limits  of  the  first,  it  has  been  necessary  to  use  a free  hand 
in  abridging  and  recasting  the  text.  I have  therefore,  with 
the  author’s  permission,  attempted  to  prepare  a short  text- 
book which,  while  retaining  the  original  descriptions  and 
arrangement  as  far  as  possible,  should  deal  with  the  more 
essential  and  well-ascertained  facts  of  Comparative  Anatomy, 
presenting  an  approximate  equality  of  treatment  as  regards  its 
different  sections  without  entering  too  fully  upon  doubtful 
theories  or  special  details  in  Embryology  and  Physiology. 

The  book  has  thus  been  almost  entirely  rewritten,  with  the 
approval  of  Professor  Wiedersheim,  who,  besides  revising  the 
work,  has  furnished  me  with  much  new  material.  A number 
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of  the  old  figures  have  been  replaced  and  several  additional 
ones  inserted. 

The  bibliography  appended  to  the  book,  which  has  been 
considerably  added  to  by  Professor  Wiedersheim  since  the  third 
German  edition  was  published,  is  rather  extensive  for  a work 
of  the  kind,  but  I have  not  ventured  to  make  selections  from  it 
and  have  merely  modified  the  arrangement  in  some  respects  and 
made  a few  additions  which  seemed  to  me  important  for  English 
readers.  It  will,  I trust,  be  found  useful  by  more  advanced  students. 

I must  acknowledge  my  obligations  to  my  brother.  Professor 
T.  Jeffery  Parker,  F.R.S.,  for  numerous  suggestions,  and  also 
to  Professor  G.  B.  Plowes,  F.E.S.,  Mr.  Frank  J.  Cole,  and  Mr. 
Martin  F.  W oodward  for  valuable  information  on  several  special 
points. 

Wh  N.  PARKER. 

UxivEKSiTY  College,  Cardiff, 

Ajiril,  1897. 
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COMPAEATIYE  ANATOMY 


INTRODUCTION. 


I.  ox  THE  MEAXING  AXD  SCOPE  OF  COMPARATIVE  ANATOMY. 

A KXOVVLEDGE  of  the  natural  relationships  and  ancestral  history 
ol  animals  can  only  be  gained  by  a comparative  study  of  their 
parts  (Comparative  Anatomy)  and  of  their  mode  of  develop- 
ment ^Embryology  or  Ontogeny).  In  addition  to  existino- 
animals  fossil  forms  must  also  be  taken  into  consideration  ( Pa° 
Iffiontology),  and  by  combining  the  results  obtained  under  these 
three  heads,  it  is  possible  to  make  an  attempt  to  trace  out  the 
evelopment  of  the  various  races  or  groups  in  time  (Phylogeny). 
s the  different  phases  of  development  of  the  race  may  be  repeated 
to  a greater  or  less  extent  in  those  of  the  individual,  the  depart- 
ments of  Ontogeny  and  Phylogeny  help  to  complete  one  another 
Jt  must,  however,  be  borne  in  mind  that  in  many  cases  the 
phases  of  development  are  not  repeated  accurately  in  the  individual 
that  IS,  are  not pcdmgenetic—hni  that  ‘'falsifications"  of  the  re- 
coi  , acquired  by  adaptation,  very  commonly  occur  along  with 
them,  resulting  in  ccenogenetic  modifications  in  which  the  oriainal 

Tr  r at  all,  or  aro  mo^ 

bo  rAn  ^ r M t"'0  important  feotors  must 

'"^2,  yf  hercdUy  aid  the  capability  of 

ZZZl;  I ^ ‘s,“nsm-™tive,  and  tends  to  the  retention 

cL„r  influence  oi 

vvS  arl  results  in  modifications  of  structure 

Chani  T '=n*  a state  of  constant 

the  nri,  ■ ‘esulting  ‘ adaptaUmis;'  so  firr  as  they  are  useful  to 

■fnd  ZT'ir,A'‘“'“‘'’  to  (aiZ  generates! 

modifications  Hp.  ® gradually  lead  to  still  further 

and  a concentinn^n?H^^’/1f^  imralld  factors, 

to  iain  aS'hi  1 only 

ml,%ut  also  t?  M 1 1 blood-relationships  of  animals  in  gene- 

r ‘ nderstand  the  meaning  of  numerous  degenerated 
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and  rudimentary  or  vestigial  organs  and  parts  in  the  adult  organism 
which  would  otherwise  remain  totally  inexplicable. 

Histology  is  a subdivision  of  anatomy  which  concerns  the 
structuo'al  elements — the  building-stones  of  the  organism,  and  the 
combination  of  these  to  form  tissues.  Vaidous  combinations  of 
the  tissues  give  rise  to  organs,  and  the  organs,  again,  combine  to 
form  systems  of  organs. 

The  structural  elements  consist  primarily  of  cells  and  second- 
arily of  cells  and  fibres,  and  the  different  tissues  may  be  divided 
into  four  principal  groups  : — 

1.  Epithelium,  and  its  derivative,  glandular  tissue. 

2.  Supporting-tissue  (connective-tissue,  cartilage,  hone). 

3.  Muscular  tissue. 

4.  Nervous  tissue. 

In  iiccordfinco  with  the  function.s  they  ]jerforin,  ei)itheliinn  nnd  support- 
ing-tissue may  be  described  as  pasnive,  and  muscular  and  nervous  tissue  as 
tu'iira. 

By  nn  or(jan  we  understand  an  apparatus  constructed  to 
perform  a definite  function : as,  for  instance,  the  liver,  which 
secretes  bile ; the  gills  and  lungs,  in  which  an  exchange  of 
gases  is  effected  with  the  surrounding  medium ; and  the  heart, 
which  pumps  blood  through  the  body. 

The  organ-systems,  which  Avill  he  treated  of  in  order  in  this 
book,  are  as  follows: — 1.  The  outer  covering  of  the  body,  or  inte- 
gument; 2.  slcelclon  ; o.  The  muscles,  together  with  electric 
organs ; 4.  The  nervous  system  and  sense-organs ; 5.  The  organs 
of  nutrition,  res2')iration,  circulation,  excretion,  and  reproduction. 

The  closely-allied  branches  of  science  defined  above  are  united 
together  as  Morphology,  as  opposed  to  Physiology  which  con- 
cerns tlie  functions  of  organs,  apart  from  their  morphological  rela- 
tions. The  results  obtained  from  these  two  fields  of  study  help  to 
complete  one  another,  and  thus  to  throw  light  on  the  organisation 
of  animals  in  general — that  is,  on  Zoology  in  its  widest  sense. 


II.  DEVELOPMENT  AND  STRUCTURAL  PLAN  OF  THE 
VERTEBRATE  BODY. 

The  structural  elements  described  in  the  preceding  section  as 
the  building-stones  of  the  organism,  i.c.  the  cells,  all  arise  from  a 
single  primitive  cell,  the  egg-cell  or  ovum.  This  forms  the 
starting-point  for  the  entire  animal-body,  and  a general  account 
of  its  structure  and  subsequent  develojjment  must  therefore  be 
given  here. 

The  ovum  consists  of  a rounded  vesicle  (Fig.  1),  11  the  interior 
of  which  the  following  parts  can  be  distinguished  : — the  vitellus. 
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tlie  germinal  vesicle,  and  one  or  more  germinal  spots.  The  outer 
covering  of  the  ovum  is  spoken  of  as  the  vitelline  membrane. 

Since  the  ovum  in  its  primitive  form  as  above  described  repre- 
sents a single  cell,  we  may  speak  of  the  vitellus  ^ as  the  protoplasm 
01  the  egg-cell,  the  germinal  vesicle  as  iisnucleiis,  and  the  germinal 
spot  as  its  nucleolus.  The  cell-nucleus  is  enclosed  by  a delicate 
nuclear  membrane,  and  is  made  up  of  two  constituents — the 
spongioplasm  or  chromatin,  and  the  hyaloplasm  or  achromatin 
One  or  two  small  particles,  the  centrosomes,  are  also  present  in 
the  cell-body,  and  take  an  important  part  in  the  process  of  cell- 
division.  An  outer  limiting  membrane,  corresponding  to  the 
vitelline  membrane,  is  not  an  integral 
part  of  the  cell,  but  may  be  differen- 
tiated as  a hardening  of  the  peripheral 
protoplasm. 

In  sexual  reproduction,  such  as 
occurs  in  all  Vertebrates,  the  fusion  of 
the  sperm-cell,  containing  the  genera- 
tive substance  of  the  male,  with  the 
ovum,  is  an  absolute  necessity  for  the 
development  of  the  latter. 

But  before  this  can  occur,  certain 
changes  take  place  in  the  ovum,  which 
are  known  as  maturation.  This  con- 
sists of  a twice-repeated  process  of  cell- 
division  {Icarye^cinesis)  similar  to  that  which  occurs  in  tissue- 
cells,  except  that  the  resulting  daughter-cells  are  of  different 
thrown  Tff-T  ^\^!fleated  polar-cells  (Fig.  2)  being  successivelv 

n,ipZ?«  ^ vortion  of  the  original 

nucleus  remaining  in  the  ovum  being  known  as  the  “female 

gjo  onucleus.  K sperm-cell  {spermatozoon)  then  makes  its  way  into 

fernalJTA^  1 pronudeus)  unites  with  the 

ale  pronucleus  to  form  the  segmentation  nucleus.  This 

process,  which  is  known  as  impregnation  or  fertilisation  thus 
consists  in  a raaterial  fusion  of  the  generative  suhstaoice^  of  both  sexes 

cai^e  onXe/!^  ^ and  egg-nucleus.  The  essentia  1 

Se  nuclefo^^^^^^^^^  'Z  molecular  structure  of 

the  nuclei  of  both  inale  and  female  germinal  cells.  This  structure 

^fP^ession  of  the  characters  of  the  species, 
fertilisation  has  taken  place  development  begins  The 

wi2h 

now  be  Llled  Zte  i oosperm,  as  it  must 

beainninrort’l  e This  division,  the 

formaS  of  a ^ segmentation,  takes  place  by  the 

and 


D,  vitellus  ; KB,  germinal 
vesicle  ; KF,  germinal  spot. 
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The  first  stage  in  the  process  of  segmentation  is  thus  com- 
pleted; the  second  takes  j)lace  in  exactly  the  same  way,  and 
results  in  a division  of  the  oosperm  into  four  parts,  and  by  a similar 
process  are  formed  eight,  then  sixteen,  then  thirty-two  blastomeres, 
and  so  on,  the  cells  becoming  smaller  and  smaller,  and  each  beino-  pro- 
vided with  a nucleus  (Fig.  2 C— D).  In  short,  out  of  the  orfginal 
oosperm  a mass  of  cells  is  formed  which  represents  the  building- 
material  of  the  animal  body  and  which,  from  its  likeness  in  appear- 
ance to  a mulberry,  is  spoken  of  as  a morula. 

In  the  interior  of  the  morula  a cavity  {segmentation  cavity  or 


Fig.  2. — Diagr.v.m.s  of  the  Sec:jient.\tion  of  the  Oosperm. 

A,  fii'.st  stage  (two  segments) ; RK,  polar  cells.  B,  second  stage  (four  segments). 
C,  furtlier  stage.  D,  morula  stage. 

hlastoccde)  filled  with,  fluid  is  formed,  and  the  morula  is  now  spoken 
of  as  the  blastosphere  or  blastula  (Fig.  3).  The  peripheral  cells 
enclosing  this  cavity  form  the  germinal  membrane  or  blasto- 
derm. Consisting  at  first  of  a single  layer  of  cells,  the  blastoderm 
later  on  becomes  two-  and  then  three-layered.  From  the  relative 
positions  of  these,  they  are  spoken  of  respectively  as  the  outer, 
middle,  and  inner  germinal  layers,  or  as  epiblast,  (ectoderm,) 
mesoblast,  (mesoderm,)  and  hypoblast  (endoderm). 

An  increase  in  the  amount  of  food-yolk  (deuteroplasm,  see  note  on 
p.  3)  present  in  the  ovum  results  in  certain  modifications  of  the  primi- 
tive process  of  segmentation  as  described  above.  Yolk  is  an  inert 
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substance,  and  its  presence  tends  to  hinder  or  even  entirely  to 
prevent  segmentation  in  those  parts  of  the  ovum  in  which  it  is 
abundant.  When  the  wUole  ovum  undergoes  division,  the 
segmentation  is  known  as  entire  or  holohlastic ; when  division  is 
restricted  to  part  of  the  ovum 
only,  the  segmentation  is  said 
to  be  'partial  or  'nieroblastic  ^ 

(Fig.  4).  _ 

The  question  as  to  the  origin 
of  the  germinal  layers,  on  ac- 
count of  its  important  significa- 
tion, is  one  of  the  most  burning 
problems  in  Morphology,  and 
as  yet  w^e  cannot  arrive  at  any 
full  and  satisfactory  conclusion 
on  the  subject.  It  may,  how- 
ever, be  affirmed  with  certainty 
that  in  all  Vertebrates  the 
blastosphere  passes — or  did  so 
in  earlier  times — into  a stage 
called  the  gastrula.  One 
must  imagine  this  form  as  being  derived  primitively  from  the 
blastula  by  supposing  that  the  walls  of  the  latter  (Fig.  3)  became 
pushed  in  or  invaginated  at  one  part,  thus  giving  rise  to  a double- 

walled  sac  (Fig.  5).  The  outer  wall  then 
represents  the  epiblast,  which  functions 
as  an  organ  of  protection  and  sensation, 
while  the  inner,  or  hypoblast,  encloses 
a central  space,  the  primitive  intestinal 
cavity  (archenteron),  and  represents  the 
assimilating  and  digestive  primary  ali- 
mentary canal.  The  opening  of  the 
latter  to  the  exterior,  where  the  twm 
germinal  layers  are  continuous,  represents 
tl^e  primitive  mouth  or  blastopore 


Fig.  3. — Bl.\stosi>uerk. 

BD,  blastoderm ; FH,  segmentation 
cavity. 


-Mo 


Fio.  4. — Di.\(;ram  of.v  ^Ier- 


OBL.\sTic  Oosperm  WITH*  (Fio-.  ,5) 

Di.scoid  Seo.mext.\tiox.  ^ '+  P j.1  -7  7 j • 7 

Cut  of  tlie  epiblast  arise  later  the 

Bm,  blastoderm ; Do,  yolk,  epidermis  and  its  derivatives,  the  entire 

nervous  system,  the  sensory  cells,  the 
crystalline  lens  of  the  eye,  and  the  oral  and  anal  involutions 
{stamodeeum  and  proctodeeum).  In  an  early  stage  the  hypioUast 
pves  rise  to  an  axial  rod,  the  notochord  (see  p.  9).  and  eventually 
0 le  epithelium  of  the  greater  part  of  the  alimentary  canal 

thP  tM"  .segmentation  tlie  resulting  cells  are  approximately  equal  in 

in  thP  in  Mammals  (with  the  exception  of  ^lonotremes)  ; and  unequal 

the  Lepidostens,  Ceratodus,  and  nearly  all  Amphibians, 

i'l'Pi’oiiching  the  meroblastic  type.  In  Klasmo- 

anil  <liHrn!,l  *^'^*^**7  Monotremes  the  segmentation  is  meroblastic 

'»  , restricted  tf>  the  upper  pole  of  the  ovum  (h^ig.  4). 
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(Fig.  6 A and  B)  with  its  glands,  including  the  thyroid,  thymus 
liver  and  pancreas,  as  well  as  to  the  epithelial  parts  of  the  sill-' 
sacs  and  lunss.  ® 

• we  may  look  upon  the  epiblast  and  hypoblast,— that 

is,  both  the  primary  germinal  layers— as  arising  in  the  manner 
above  described,  the  problem  as  to  the  origin  of  the  mesoblast  is  as 
means  settled.  All  that  can  be  said  at  present  is  briefly 
as  follows  : The  mesoblast  is  a secondary  formation,  and  is  phylo- 

genetically  younger  than  the  other  two  germinal  layers;  both 
as  regards  the  origin  of  its  cells  and  histologically,  it  is  of  a com- 
pound nature,  and  thus  forms  a marked  contrast  to  the  germinal 
lyers  iDi-oper.  Reminding  one  hi  many  points  of  the  “ mesenchyme  ” 
of  In  vertebrates,  it  always  arises  at  first  from  the  point  where 


Jtlp 


Fk;.  i5.  — (lAHTJtfLA. 

Ekt,  epiblast ; Ent,  hypoblast ; blastopore  ; U,  archenteroii. 

epiblast  and  hypoblast  pass  into  one  another,  that  is,  from  the 
region  of  the  blastopore,  or,  what  comes  to  the  same  thing  in  the 
higher  Vertebrates,  fiom  the  primitvee  streak.  Originating  from 
between  the  other  two  layers,  one  of  its  first  and  most  important 
functions  is  the  formation  of  hlood-eells ; later  it  gives  rise  to  the 
heart,  vessels,  supporting  and  connecting  substances  (connective-tissue, 
adipose  tissue,  cartilage,  and  bone),  serous  membranes  (peritoneum, 
jileura,  pericardium,  arachnoid),  muscles,  and  almost  the  entire 
excretory  and  repo'oductivc  apparatus. 

A cleft  apiiearing  in  the  mesoblastic  tissue  divides  it  into  a 
gyarietal  or  somatic  layer  (Fig.  6,  A and  B),  lying  along  the  inner 
side  of  the  epiblast,  and  into  a visceral  or  splanchnic  layer,  which 
becomes  attached  to  the  outer  side  of  the  hypoblast.  The  former, 
together  with  the  epiblast  to  which  it  is  united,  constitutes  the 
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Fii!.  6,  A AM)  ]i. — I)ia(;kammatic  Tkansvkkse  Sections  through  a develoting 

Vertebrate  Embryo. 

D,  alinientary  canal  ; Ent,  liypoblast,  .showing  in  Fig.  A the  thickening (C/i)  which 
will  form  tlie  notochord  ; ’ 6Vd  (Fig.  B),  the  notochord  now  constricted  off  from 
the  hypoblast;  UW,  mesoblastic  somite;  UG,  pi’iinary  urinary  duct  (pro- 
nephric  duct);  A,  aorta;  EpP,  splanchnic  and  So2>,  somatic  mesoblast  ; 
Co,  Cii-I,  cadome ; H,  remains  of  the  upper  part  of  the  cadonie  in  the 
interior  of  tlie  me.soblastic  somites  ; Ekt,  epiblast ; Mod,  central  nervous 
system  (medullarj-  cord) : — in  Fig.  A it  is  shown  still  connected  with  the 
epiblast,  from  whicli  it  lias  become  constricted  off  in  Fig.  B. 
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somatopleure,  aud  the  latter,  together  with  the  hypoblast,  the 
splanchnopleitre.  The  cavity  separating  these  is  the  body  cavity, 
or  coelome  (Fig.  7)d  and  is  lined  by  an  epithelium.  The  dorsal 
part  of  the  mesoblast  which  lies  on  either  side  of  the  middle  line 
early  becomes  transversely  segmented  to  form  a series  of  mesoblasUc 
somites  or  protovertelrm,  which  lose  their  cavities  (Fig.  6,  A and  B) 
and  are  concerned  in  the  formation  of  the  vertebral  column,  body 
muscles,  and  urinogenital  apparatus. 

As  a general  rule  a thickened  disc-shaped  region  can  be  recog- 
nised at  a certain  stage  of  development  on  the  dorsal  pole  of  the 


Fl(.i.  7. — Dl.\CJK.\MM.\TrC  'J’u.VXSVKKSK  iSliCTlOX  TIIROUCUI  THE  BoDY  OF  AX  ADUET 

A''ertebrate. 

Mtd,  spinal  cord  ; AVi’,  neural  tube  ; K IV,  body -wall ; Co^  dermis  ; Ep,  endodermic 
epithelium  of  aliii'.entary  canal  (intestine);  VB,  visceral  tube  ; Ao,  aorta; 
Ms,  mesentery  ; Per,  parietal  layer  of  the  peritoneum  ; l^eP,  visceral  layer  of 
the  peritoneum  ; Msc,  muscular  coat  of  intestine ; Snhm,  connective-tissue  coat 
of  intestine  ; DJI,  lumen  of  intestine  ; IV,  vertebral  centrum  with  dorsal  ai’ch. 


oosperm  ; this  is  the  so-called  embryonic  area,  and  on  it  the  first 
indications  of  the  body  are  seen.  This  region  gradually  becomes 
constricted  off  from  the  yolk  by  the  formation  of  furrows  at  its 
anterior  and  posterior  ends  as  well  as  laterally,  and  consequently 
the  connection  of  the  body-rudiment  with  the  ventral  yollc-sac  (the 

1 The  coelome  may  arise  as  a segmentally  arranged  series  of  pouches 
(enterocoeles)  fi'om  the  archenteron,  in  which  case  its  lining  ef)ithelium  is  at  first 
continuous  with  the  hypoblast,  as  is  most  plainly  seen  in  Amphioxus  ; or  it  may 
be  formed  secondarily  by  a splitting  (delamination)  of  the  mesoblastic  tissue 
{sr.hizoccele).  The  first  of  tliese  must  be  considered  as  the  more  primitive. 
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vitello-intcsti'iial  duct)  is  reduced  in  size,  and  when  the  yolk  is 
eventually  entirely  absorbed,  disappears  altogether  (Fig.  S,  f).  In 
the  higher  Vertebrates  (ReiDtiles,  Birds,  and  Mammals)  folds  of  the 
somatopleure  arise  externally  to  these  furrows,  and  are  known 
respectively  as  the  head,  tail,  and  lateral  folds ; these  gradually 
grow  upwards  and  eventually  unite  with  one  another  dorsally  so 
as  to  form  a membranous,  dome-like  sac,  the  amnion  (Fig.  8) 
which,  encloses  the  embryo  and  contains  a fluid  {liquor  amnii). 

Owing  to  the  presence  of  this  structure  the  above-named 
Vertebrates  are  usually  distinguished  as  Amniota  from  the 
Anamnia  (Fishes  and  Amphibians),  in  which  no  amnion  is 
developed  (p.  13). 

A network  of  blood-vessels  becomes  developed  over  the  yolk- 
sac,  which  may  therefore  serve  as  an  organ  of  respiredion  as 
well  as  of  nutrition.  But  in  the  higher  Mammals  this  func- 
tion is  only  a very  subsidiary  one,  as  at  a very  early  stage  a 
vascular  sac-like  outgrowth,  the  allantois  (Fig.  8),  arises  from 
the  hinder  part  of  the  intestine  {i.e.,  from  the  splanchnopleure). 
This  serves  not  only  for  respiration,  but  also  for  the  reception  of 
excretory  matters  derived  fiom  the  primitive  kidney.  It  is  also 
]iresent  in  Amphibians,  but  in  them  remains  small,  and  does  not 
extend  beyond  the  body  cavity  of  the  embryo;  while  in  the 
Amniota  it  graduall}'  increases  in  size  and  grows  round  the  embryo 
as  a stalked  vesicle,  which  in  Reptiles,  Birds,  and  Monotremes 
comes  to  lie  close  beneath  the  egg-shell  and  acts  as  an  efficient 
respiratory  organ  during  the  rest  of  the  embryonic  period. 
Towards  the  close  of  this  period  the  allantois  gradually  undero’oes 
more  or  less  complete  reduction.  " * 

In  the  higher  Mammalia,  however,  an  important  vascular  con- 
nection takes  place  between  the  mother  and  foetus  by  means  of  the 
allantois.  The  latter  becomes  attached  to  a definite  region  of 
the  uterine  wall,  and  from  it  vascular  processes  or  villi  arise,  so 
that  the  foetal  and  maternal  blood-vessels  come  into  very  close 
relations  with  one  another.  Thus  an  allantoic  placenta  is 
formed,  which  serves  both  for  the  respiration  and  nutrition  of  the 
foetus  (Fjg.  9).  As  an  allantoio  placenta  is  not  developed  in 
Monotremes  and  is  only  slightly  indicated  amongst  Marsupials 
these  forms  are  distinguished  as  Aplacentalia  from  the  hierher 
Mammals,  or  Placentalia  (p.  14).  ° 

The  following  important  points  must  be  noted  as  reaards  the 
structure  of  the  Vertebrate  body.  After  the  main  organs°have  ap- 
peared, a smaller  dorsal  neural  tube  and  a larger  ventral  visceral 
tube  extend  longitudinally  through  the  body,  and  between  the  two 
13  a rod-hke  supporting  structure,  the  notochord  (p.  5).  which 
arises  as  an  axial  thickening  of  tbe  primary  hypoblast  and  forms  the 
primitive  skeletal  axis  : it  is  usually  replaced  by  a vertebral  column 
.consisting  of  centra  and  arches,  at  a later  stage  of  development 
i).  All  these  are  median  in  position,  and  the  body  is  thus 
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Fic.  8,  A,  li,  AND  C. — Diagrams  illustrating  the  Formation  oe  the  Amnion, 
Allantois,  and  Yolk-Sac.  A and  B,  in  Longitudinal  Section  ; C,  in 
Transverse  Section. 

E,  embryo  ; D)i,  alimentary  cavity  ; Do,  yolk-sac  ; +,  vitello-iiitestinal  duct ; PP, 
cadome ; Ah,  amniotip  cavity  ; AF,  amniotic  fold  ; A,  amnion  ; Al,  allantois  ; ' 
a,  soinatopleure  ; b,  splanclinopleurc  ; Jil,  medullary  cord  ; C,  notochord. 
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hilaicrally  symmetrical.  The  neural  tube,  or  cerebro-spinal  cavity, 
enclosed  by  the  skull  and  vertebral  arches,  contains  the  central  ner- 
vous system  (brain  and  spinal  cord) ; the  visceral  tube  icedome, 
p.  8,  Fjg.  7)  encloses  the  viscera  (alimentary  canal,  urinogenital 
•organs,  &c.),and  its  muscular  walls  may  be  strengthened  by  a series 


Fig.  9. — Diagka.m.matic  Section  through  the  Human  Gkavio  Uterus. 

U,  uterus  ; Th,  Th,  Fallopian  tubes  ; UH,  uterine  cavity  ; Dv,  decidua  vera,  which 
at  Pn  passes  into  the  uterine  portion  of  the  placenta  ; Dr,  decidua  retlexa  ; 
PJ,  fu-tal  portion  of  the  placenta  (chorion  frondosum,  Chf) ; Chi,  chorion 
la.-ve  ; A,  A,  the  cavity  of  the  amnion  filled  with  fluid  : in  the  interior  of  the 
amnion  is  seen  the  embrj'o  suspended  by  the  twisted  umbilical  cord ; H, 
heart  aorta  ; ex,  prccaval,  ci,  po.stcaval,  and  2>,  portal  vein  ; Al,  allantoic 
(uml>ilical)  arteries  ; +,  the  liver,  perforated  by  the  umbilical  vein  : D,  the 
remains  of  the  j'olk-sae  (umbilical  vesicle). 


ol  n'Zis,  articulating  dorsally  with  the  vertebral  column.  Certain 
of  the  ribs  may  reach  the  mid-ventral  line  and  come  into  connec- 
tion with  a hreast-bone  or  sternum,  and  thus  form  complete  rings 
or  hoops  around  the  visceral  tube.  ° 

Ihe  anterior  ends  of  the  central  nervous  system  (brain)  and  ali- 
mentary tract  enter  into  close  relations  with  the  outer  world,  the 
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former  coming  into  connection  -witb  the  higher  sense-organs,  while 
from  the  latter  are  developed  the  mechanisms  for  the  taking  in  of 
nutriment  and  for  I’espiration. 

The  anterior  portion  of  the  body,  or  head,  passes  behind  into 
the  trunk,  either  with  or  without  the  intermediation  of  a neck.  The 
coelome  is  practically  restricted  to  the  trunk,  in  the  hinder  part  of 
which  the  intestinal  (anal)  and  urinogenital  apertures  are  situated, 
and  posterior  to  which  again  is  the  tail.  Head,  trunk,  and  tail 
constitute  the  body-axis,  as  distinguished  from  the  linibs  or 
appendages,  which  arise  from  the  trunk  and  of  which  there  are 
typically  two  pairs. 
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Systematic  Zoology. 


On  the  ground  of  their  relationship  to  one  another,  animals 
have  been  classified  into  certain  divisions  and  subdivisions,  which 
are  designated  as  Classes,  Orders,  Suborders,  Families,  Genera,  and 
Species. 

A general  classification  of  the  principal  existing  Vertebrate 
groups  is  given  in  the  following  table. 


A.  Acrania. 

Amphioxu.s  (Lancelet). 

B.  Craniata. 


' I.  CYCLOSTOMATA  (Suctorial  Fishes). 

1.  Petromyzontidse  (Lamprey). 

2.  Myxinoidee  (Myxine,  Bdellostoma). 


Ichthyopsida.j 


II.  ONATHOSTOMATA  (Animals  isrovided  with  jaws). 

(a.)  An  AMNIA  (without  amnion). 

1.  Pisces  (True  Fishes). 

a.  Elasmohranchii  (Sharks  and  Rays). 

3.  Holocephali  (Chiimera  and  Callorhynclius). 
y.  Ganoidei. 

1.  S elach oid ei  (Ccw’f  t7a(/m(n(s  Ganoids — Aci- 

penser,  Scaphirhynchus,  Polyodon). 

2.  Teleostoidei  {Bony  Ganoids — Polypterus, 

Calamoichthys,  Leijidosteus,  Amia). 
t*.  Teleostei. 

1.  Physo.stomi  (with  open  pneumatic  duct 

between  the  air-bladder  and  jiharynx, 
e-(j.,  Cyprinus,  Sahno,  Silurus,  Mor- 
myrus). 

2.  Physoclisti  (air-bladder,  when  jjresent, 

with  closed  ]meumatic  duct,  e.^.,  Perea, 
Gadus,  Lophius,  Labrus,  Plectognathi, 
Lopliobranchii). 


2.  Dipnoi. 

1.  Monopneumones  (Ceratodus). 

2.  Dijmeumones  (Protopterus,  Lepidosiren). 

3.  Amphibia. 

a.  Urodela. 

1.  Perennibranchiata  (Proteus,  Siren, 

Necturus). 

2.  Caducibranchiata. 

Derotremata  (Amphiuma,  Menopoma). 
Myctodera  (Salamandra,  Triton,  Am- 
blystoma). 

/3.  Gymnojihionit  (Footless  Ciecilians). 
y.  Annra  (Frogs  and  Toads). 
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Sauropsida. 

(1).  Amniota  (Vertebrates  which  develop  an  ainuioii 
during  fostal  life). 

1.  Rei>tili\. 

a.  CrococUlia  (Crocodiles  and  Alligators). 

/i.  Lacertilia  (Lizards,  including  Hatteria). 
y.  Chelonia  (Turtles  and  Tortoises). 

b.  Opliidia  (Snakes). 

2.  Aves. 

a.  Eatitoi  (Cursorial  Birds — Ostrich,  Rhea,  Emu,  itc.). 
0.  Carinatoi  (Birds  of  flight). 

Mammalia. 

1.  Aplacentnlia  or  Achoria. 

a.  Prutothena  or  Ornithodelphia  (Monotremata — Orni- 
thorhynchus  and  Echidna). 

/3.  Mctatheria  or  Didelphia  (Marsupialia — KangarooSy 
Plialangers,  Opossums,  &c.). 

2.  Plarentaiia  or  Charuda. 

Entheria  or  Monodelphia. 

Edentata. 

Sirenia. 

Cetacea. 

Ungulata. 

Hyracoidea. 

Proboscidea. 

Rodentia. 

Clieiroi)terf). 

Insectivora. 

Carnivora. 

Lemuroidea 

Primates. 

Of  the  prevalence  of  warm-blooded  Recent 
animals,  particularly  Man. 


INTRODUCTION 


1 o 


, Lower  Silurian 
, Cambrian. 


SPECIAL  PART. 


A.  INTEGUMENT. 

The  skin  consists  of  a superficial  ectodermal  and  a deeper 
mesodermal  layer.  The  former  is  called  the  epidermis  (scarf- 
skin)  and  the  latter  the  dermis  {co't'ium,  cutis).  The  subcutaneous 
connective  tissue  is  usually  not  sharply  marked  off  from  the  dermis, 
but  the  one  passes  gradually  into  the  other.  The  epidermis  always 
consists  of  cells  only,  while  the  dermis  is  made  up  principally  of 
connective  tissue  Jihrcs,  and  may  also  enclose  muscular  fibres. 
Bony  structures  may  occur  in  the  dermis,  as  well  as  vessels 
and  glands,  which  only  rarely  extend  into  the  epidermis,  from 
wliich  the  glands  are  all  derived  and  with  which  they  usually 
remain  in  connection  by  means  of  their  ducts.  Nerves,  migratory 
leueoeytes  (lymph-  or  white  blood-corpuscles),  eonncctive-tissue  cells, 
mcluLWug  2ngnient-cells  (chroniatophorcs)  and  free  pigment,  found 
in  both  layers  of  the  integument. 

Pijjment  is  never  formed  in  tlie  ej)itlielial  or  connective-tissue  cells  them- 
selves, but  always  originates  in  tlie  blood. 

In  the  epidermis  two  layers  may  in  general  be  distinguished  : — 
a superficial,  composed  of  flattened  and  hardened  cells  (stratum 
corneum,  horny  layer),  and  a deeper  layer  made  up  of  soft  proto- 
plasmic cells  (strahim  Malpighii,  muco^LS  layer).  The  latter  serves 
as  a matrix  for  the  regeneration  of  the  horny  layer,  the  superficial 
part  of  which  is  continually  scaling  off.  From  the  epidermis  the 
cuticular  organs  and  integumentary  glands,  and  all  other  parts 
spoken  of  as  epidermic  structures  take  their  origin.  Such  are, 
hairs,  bristles,  nails,  claws,  hoofs,  &c.  The  peripheral  sensory  end- 
organs  the  skin  as  well  as  the  crystalline  lens  of  the  eye  also  arise 
by  a differentiation  of  epidermic  cells  (p.  5) : the  definite  relation 
which  many  of  these  organs  have  with  the  dermis  must  be  looked 
upon  as  a secondary  acquirement. 

Amphioxus,  Fishes,  and  Dipnoans. — The  surface  of  the 
epidermis  is  covered  with  cilict  in  the  larval  Amphioxus  (gastrula 
stage),  and  this  must  undoubtedly  be  considered  as  inherited  from 
Invertebrate  ancestors.  The  striated  euticular  border  of  the  outer 
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epidermic  layer  in  many  fishes  {e.g.  Cyclostomi,  Teleostei,  and 
Dipnoi),  and,  as  will  be  mentioned  presently,  in  Amphibian  larvse, 
indicates  the  former  possession  of  cilia  (Figs  10  and  11). 

Goblet-cclls  {unicelhtlar  glands)  are  very  abundant  in  the  many 
layered  epidermis  of  Cyclostomes  (especially  Myxinoids)  and 
osseous  Fishes,  and  are  extremely  numerous  in  Protopterus. 

Prtitopterus  buries  itself  in  tlie  mud  during  the  dry  season,  and  its  integu- 
ment, which,  besides  tlie  numerous  goblet-cells,  also  contains  simple  multi- 
cellvlar  (ilandulike  those  of  the  Amphibia,  gives  rise  to  a varnish-like  secretion 
as  well  as  to  a hardened  capsule  or  “ coccoon,”  by  means  of  which  the  animal 


10.  Di.v(.kamm.\tic  J kaxsvkkse  Sk(;tiox  inn'.sTK.vnxo  the  Structuke  of 

THE  Skin  in  Fisues. 


w"”  n ’ , subcutaneous  fat;  OS,  cuticular  margin;  Ko, 

I’l  b'"b)et-cells  opening  on  the  surface  ; Ko,  granular  sliine- 

I"  Petromyzon  and  Malopterurus;  (/,  vessels  which 
vertical  connective-tissue  Inmdlesof  the  derma  ; IF,  liori- 
/.orital  connect!  ve-tissue  bundles. 


V 


its  torpid  iieriod.  In  all  Fishes  wliich  po.ssess  .slime- 

nrot?c^^^^  m “b  it  is  probable  that  the  .secretion  serves  to 

piotcct  the  outer  skin  from  tlie  action  of  the  water. 

glands  &ve  uoi  coinmon]y -present  in  the  iutegu- 
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ment  of  Fishes,  but  apart  from  Protopterus  (see  above)  there  are  a 
number  of  exceptions  to  this  rule. 

In  male  Elasmobranchs  there  is  a large  glandula  pterygopodii  (gland 
of  the  clasper)  at  the  base  of  each  pelvic  lin  : it  arises  as  a tube-like  invagin- 
ation of  tlie  skin,  and  is  in  relation  with  the  copulatory  organs.  Poison-glands 
are  found  amongst  the  Teleostei.  Thus  in  the  Weever  (Tracliinus)  there 
is  a series  of  poison-glands  lying  on  either  side  of  the  bases  of  the  spines  of 
the  dorsal  fin  and  operculum.  In  Thalassophryne  the  operculum  is  provided 
with  a liollow  spine,  at  the  base  of  wliich  a poison-gland  is  situated,  and  in 
Synanceia  tliere  is  also  a series  of  glands  at  the  bases  of  the  grooved  dorsal 
spines.  Poison  organs  are  also  present  in  Scorptena  and  others  ; but  in  many 
cases  in  which  such  organs  have  been  described  a more  detailed  histological 
examination  is  desirable.  The  phosphorencent  and  eye-lilie  organs  present  in 
the  integument  of  some  Fislies  (Scopelidie,  Chauliodus,  etc.)  are  probably 
to  be  looked  u])on  as  modified  glands. 

In  Lepidosiren,  ap])arently  in  tlie  male  only,  the  integument  of  the 
pelvic  fins  is  provided  Avitli  numerous  (?  erectile)  villi. 

Figmcnt-cells,  wbicb  are  under  tbe  influence  of  tlie  nervous 
system  and  are  able  to  cause  a change  of  colour,  are  present  some- 
times in  both  layers  of  tbe  integument,  sometimes  in  tbe  epidermis 
only.  Tbe  colouration  is  sometimes  protective  (e.g.  Flat-fisbes)  and 
sometimes  sexual  (e.g.  Stickleback). 

The  bong  scales  of  Fisbes  lie  in  connective-tissue  pouches  of 
tbe  dermis  and  are  formed  as  ossifications  of  the  latter.  In 
Teleosts  and  Dipnoans  they  ax'e  covered  by  tbe  epidermis  through- 
out life ; in  Ganoids  and  Elasmobranchs  this  is  only  tbe  case  in  the 
larva.  In  Teleosts  tbe  parts  of  tbe  epidermis  covering  tbe  ex- 
ternally vi.sible  portions  of  the  scales  become  cornified.  (For 
further  details  compare  p.  30). 

Amphibia. — Tlie  epidermis  of  Amphibian  larvae  is  for  a short 
period  ciliated.  In  tbe  adult,  it  may  be  said  in  general  that  the- 


Ep 


Co 


Fio.  11. — Skix  of  Larva  of  Salamander  (Sakwiandra  maculosa). 

Ep,  epidei’mi.s  ; Co,  dermis  ; a,  stratum  corneum  ; h,  stratum  Malpigliii  ; LZ,. 
Leydig’s  cells  ; CS,  striated  border. 

integument  of  Amphibians  is  intermediate  in  structure  between 
that  of  Fishes  and  Reptiles. 

Tbe  epidermis  of  those  larvae  which  live  in  tbe  water  consists 
of  two  sharply  differentiated  layers.  Tbe  outer  layer  is  usually 
made  up  of  flat  cells  with  a striated  cuticular  border  on  their 
free  edge  (Fig.  11),  like  that  occurring  amongst  Fisbes  : tbe  inner 
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layer  is  composed  of  more  cylindrical  or  cubical  cells.  The  former 
corresponds  to  the  stratum  corneum,  the  latter  to  the  stratum 
Malpighii.  The  horny  layer  is  shed  periodically,  either  entire  or 
in  pieces. 

Later,  with  advancing  development,  the  layers  of  the  epidermis 
become  more  numerous,  and  involutions  towards  the  dermis  take 
place  in  all  parts,  giving  rise  to  a great  number  of  sac-like  and 
tube-shaped  glands  similar  to  those  of  Protopterus  (p.  17);  these 
are  particularly  abundant  in  certain  regions — more  especially  on 
the  head  and  flanks  (Fig.  12).  The  individual  glands  are  sur- 


Fifj.  12.— Section  through  the  Skin  of  Adult  Salamander  (S\  maculosa). 


Kp,  epidermis  ; Co,  dermis,  in  the  richly  pigmented  (Pi)  connective-tissue  stroma 
of  which  the  various  sized  integumentary  glands  (A , C,  D,  D,  E)  lie  embedded  ; 
dp,  the  muscular  layer  of  the  glands,  lying  within  the  basement  membrane 
(Pr)\  M,  the  same,  seen  from  the  surface;  E,  epithelium  of  glands;  S', 
secretion  of  glands  ; J\fm,  sulicutaneous  layer  of  muscles,  through  which 
vessels  (G)  extend  towards  the  dermis. 


rounded  by  muscle  and  connective-tissue  fibres,  pigment,  blood- 
vessels, and  nerves.  Their  secretion  serves  to  keep  the  skin  moist, 
but  as  experiments  have  shown,  it  also  forms  an  important  weapon 
of  defence  on  account  of  its  poisonous  properties. 

This  richness  in  glands  is  a characteristic  of  the  skin  of  Amphi- 
bia and  to  it  they  owe  their  moist  and  slippery  nature.  Frequently, 
as  for  instance  in  Toads,  the  skin  is  not  smooth,  but  has  a rough’ 
warty  appearance,  caused  by  local  proliferations  of  the  epidermis, 
pidermic  claws,  analogous  to  those  of  the  Amniota,  are  present 
Xenopus  (Dactylethra)  and  Onychodactylus. 

The  pigment,  accumulated  principally  in  the  dermis— partly 
Uiliused,  partly  enclosed  within  the  cells— is  under  the  control  of  the 
nervous  system,  and  thus  renders  a change  of  colour  possible;  and 
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as  the  colour  becomes  modified  according  to  the  surroundings  of 
the  animal,  it  may  serve  as  a protection  [c.g.  Hyla). 

Calcifications  may  occur  in  the  dermis,  or,  as  in  Ceratophrys 
dorsata,  definite  hones  may  be  formed  (see  p.  33) : the  dermis  also 
encloses  numerous  smooth  muscle-fibres. 

Reptilia. — The  characteristic  peculiarit}’’  of  the  skin  of  Reptiles 
is  its  capacity  of  producing  scales  (these  are  veiy  simple  in  Geckos 
and  Chameleons),  warts,  jrricklcs,  shields  {c.g.  the  ‘'tortoiseshell” 
of  Clielonians),  daws,  rattles  (Rattlesnake),  and  other  epidermic 
structures  (Fig.  13).  All  these  are  due  in  the  first  instance  to 
the  formation  of  dermal  i^apillas,  the  markedly  stratified  epidermis 
covering  which  becomes  cornified  secondarily.  The  horny  layer  of 
the  epidermis  may  be  periodically  cast  off  either  entire  (Snakes) 


A B 


Fi(i.  13. — l)iA(iK.\M.MATi(,'  Skction.s  'I’liKonjii  Vakioits  Kjnds  of  Efiuermio 
iScAi.KS  OF  Kei’TII.ks.  (From  Boas’s  Zoology.) 

A,  rounded  sc.'iles  ; B,  sliiclds  ; C,  iml)ricatin<f  scales  ; I),  overlapping  scales  with 
hony  scutes  in  the  undei-lying  dermis;  h,  liorny  layer ; s,  Malpighian  laj^er  of 
the  e])idermis  ; /,  dermis  ; o,  hony  scutes. 

or  in  shreds:  it  is  renewed  from  the  Malpighian  layer.  The 
integument  of  Hatteria  retains  the  most  jDrimitive  characters 
amongst  Reptiles. 

Pigmcnt-cells  occur  in  the  integument,  rendering  a change  of 
colour  possible  in  many  cases  {c.g.  Chameleon). 

Ossifications  in  the  dermis  are  very  common  in  Reptiles,  and 
there  is  great  variation  in  the  degree  of  their  development,  from 
the  small  bony  scutes  present  in  Geckos  (Ascalabota)  to  the  large 
e.KOskeletal  plates  of  Chelonians  (see  p.  33).  Muscles  are  also 
present  in  the  dermis.  In  contrast  to  the  skin  of  Amphibians, 
that  of  Reptiles  is  entirely  wanting  in  glands. 

In  Lizfird.s,  the  .so-called  femoral  glands  occuiTing  along  the  ventral  .side 
of  the  thigh  are  .said  to  he  merely  .solid  cone.s  of  epidermic  cells,  wliicli  form 
a .series  of  papilhe  or  warts  and  serve  as  clasjjing  organs  during  copulation. 

Birds. — Birds  possess  a thinner  dermis  than  any  other  Ver- 
tebrates, and  it  is  less  plentifully  supplied  with  blood-vessels. 
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In  the  deeper  layers  there  is  a strongly  developed  network  of 
muscle-fibres  showing  traces  of  transverse  striation ; these  are 
inserted  into  the  feather-sacs,  and  serve  to  erect  the  feathers. 

Apart  from  a gland  present  in  the  neighbourhood  of  the 
auditory  passage  amongst  Gallinacese,  there  is  only  a single  gland 
situated  at  the  base  of  the  rudimentary  tail  (uropygium) : this 
uropygial  gland  is  present  in  nearly  all  Birds,  and  its  secretion 
serves  to  oil  the  feathers.  Dermal  bones  are  characteristically 
absent,  while  epidermic  structures,  such  as  feathers,  claivs,  spurs, 
foot-scales,  and  bealc-shcaths,  are  strongly  developed. 

One  of  the  most  marked  characteristics  of  Birds  is  the  pos- 
session of  feathers.  In  the  majority  of  Birds  they  are  of  two 
kinds — downfeatliers  and  contour-feathers,  and  are  usually 
arranged  in  so-called  feather- tracts  {pterylcc)  separated  by  naked 
regions  {apteria).  The  base  of  each  feather  is  embedded  in 
an  epidennic  sac  or  follicle.  Their  mode  of  development  corre- 
sponds essentially  with  that  of  the  epidermic  scales  of  Eeptiles. 


In  the  region  where  a feather  is  to  be  forniod,  the  dermal  ti.s.sue  becomes 
rai.sed  up  towards  the  ectoderm  (Fig.  14,  A),  and  thus  gives  rise  to  a vas- 
cular papilla.  As  this  pa])illa  grows  out  to  form  an  elongated  cone  with  a 
pointed  apex,  the  feather-germ  (B),  its  base  sinks  gradually  deeper  and  deeper 
into  the  deruiLs,  and  thus  becomes  surrounded  by  a sort  of  jjocket — the 
feather-follicle,  llie  horny,  as  well  as  the  Malpighian  layer  of  the  epidermis 
extends  into  the  base  of  the  follicle,  and  thejice  into  the  feather-germ,  the 
interior  of  which  is  throughout  hlled  by  cells  of  the  dermis,  which  give  rise  to 
t\\e  pulp.  As  the  feather-germ  keeps  on  growing,  the  cells  of  the  Malpighian 
layer  begin  to  proliferate  rapidly,  giving  rise  to  a series  of  radial  “folds 
arranged  along  a central  axis,  which  extend  inward  towards  the  puli), 
are  immediately  bounded  by  the  horny  layer  (C).  These  folds,  between 
which  the  nutritive  pidp  extends,  then  become  cornitied  and  separated  from 
above  downwards  from  the  surrounding  cells  ; and,  by  a gradual  drying  of 
the  central  pulp-substance,  give  rise  to  a tuft  of  horny  rays,  which  are, 
hfpvever,  at  first  bound  together  by  the  enclosing  stratum  corneum.  IMost 
Birds  are  hatched  when  the  featliers  are  in  this  stage  of  development,  and 
they  thus  appear  as  if  covered  with  brush-like  hairs. 

By  the  shedding  of  the  surrounding  liorny  layer  the  rays  or  harha  become 
free  CD),  and  if  the.se  are  all  .similar  to  one  another,  an  embryonic  doivn- 
feather  is  feymed.  The  wliole  feather-germ,  however,  does  not  become 
divided  up  into  barbs  in  this  manner  : its  lower  portion,  eml)edded  in  the 
.skin,  retains  a more  uniform  character  and  forms  the  qnill  (cabnuna). 

The  embryonic  dowu-featliers  (E),  on  tlie  individual  barbs  of  which 
smaller  secondary  rays  or  harlmlea  liecome  develojied,  may  retain  their  char- 
acter as  such  throughout  life  or  may  l)e  replaced  liy  definitive  feathers.  In 
this  &ase  a second,  larger,  follicle  early  arises  from  the  base  of  the  follicle  of 
the  clown-feather,  the  pulj)  of  the  two  being  in  connection  (U).  'riie  papilla 
developing  within  the  interior  of  tliis  new  follicle  grows  raiiidly,  .rradually 
.surface  down-feather  out  of  its  follicle,  and  comes  to  tlie 


4 contour  featlier  {penna)  at  first-  closely  resembles  a down- 

leather  [plnma)  in  structure,  and  comsists  of  a tuft  of  similar  rays 
or  barbs  provided  with  secondary  rays  or  harhules.  In  the  course 
0 ur  ler  giowth,  however,  one  of  the  rays  becomes  rapidly 
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tbidvened,  and  forms  a main  axis  or  stem  {scapus),  to  wbicli  the 
barbs  are  attached  on  either  side.  The  proximal  or  basal  portion  of 
the  scapus  which  heap  no  barbs  is  called  the  quill  {calamus),  and 
Uie  distal  part,  to  Avhich  the  barbs  are  attached,  the  shaft  {racMs) 
ihe  barbs  together  constitute  the  xane  {vexillum)  (Fig.  14,  F). 


Fi(i.  14. — Six  Stacks  in  tiik  IlKvia.oi'MKiNT  ok  tjik  Featiikk. 

. (iMiiiiil^' after  Til.  Studer.) 

Cn,  (lernii.s  ; stratum  Malpigliii ; iSV,  .stratum  corneum  ; extensions 

of  these  tissues  into  the  feather-jiapilla,  Pajt ; FK,  feather-germ;  F,  F^, 
feather-follicle  ; !\  pulj)  ; Fed  (SiP),  folds  of  the  Malpighian  layer  extending 
into  the  feather-germ,  and  enclosed  externally  hy  tlie  horny  layer,  IIS  (SP)  : 
hoth  layers  are  seen  in  the  transverse  section  (C) ; FSj),  quill  of  feather’,  which 
breaks  up  above  into  a tuft  of  rays  or  barbs  (II St) ; sec,  sec,  secondary  rays 
(barlniles)  arising  from  the  latter;  li,  rachis  ; F,. vexillum. 

For  further  details  as  to  the  different  stages  A-F,  compare  text. 


dTie  barbules  are  so  arranged  on  each  barb  as  to  make  the  latter 
resemble  an  entire  feather  in  appearance.  The  barbs  may  become 
very  closel}'  united  together  by  means  of  minute  hooks  on  the 
barbules,  so  that  an  extremely  strong  and  resistant  though  pliant 
structure  is  formed ; this  is  especially  the  case  in  the  large  wing 
and  tail  feathers  {remiges  and  rcctrices). 

In  nmny  Bird.s  each  quill  of  the  ordinary  feather.s  of  the  body  bears  two 
vexilla,  the  second  being  spoken  of  as  the  afterahafi  {Jviporachin). 
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A periodic  casting  of  feathers,  or  moulting,  takes  place  in 
£.rll  Birds,  and  corresponds  to  the  similar  process  of  the  casting  of 
the  horny  layer  of  the  skin  in  Amphibians  and  Reptiles. 

The  featlier-covering  of  Birchs  must  have  been  acquired  in  very  early 
geological  periods,  for  Archteopteryx,  found  in  the  J urassic  strata  of  Ba%'aria, 
])ossessed  well-formed  feathers  with  a very  delicate  shaft  and  vane.  Palaeonto- 
logical researches  have  not  brought  to  light  any  definite  intermediate  stages 
between  scales  and  feathers,  but  that  they  must  once  have  existed  is  shown 
by  the  development  of  these  structures. 

Mammals. — The  integument  of  Mammals  gives  rise  to  hairs, 
which  are  characteristic  of  and  confined  to  this  Class.  They  may  be 
almost  uuiforml}^  developed  all  over  the  body  and  even  on  the  soles 
of  the  feet,  or  may  become  reduced  in  more  or  less  extensive  regions. 
They  are  most  scanty  in  the  Cetacea,  where  only  a few  occur  on 
the  lips,  and  even  these  may  disappear  in  the  adult.  The 
first  to  ajDpear  are  certain  tactile-hairs  (vilrisscc)  on  the  head,  along 
the  course  of  the  trigeminal  nerve  ; all  the  hairs,  however,  serve 
ns  tactile  organs  as  well  as  for  keeping  the  body  warm. 

Nothing  definite  can  be  at  present  stated  as  regards  the 
phylogeny  of  hairs,  but  it  seems  at  any  rate  probable  that  they 
are  not  directly  comiDarable  to  the  scales  of  Reptiles  and  feathers 
of  Birds  : ^ the  arrangement  of  the  hairs  in  alternating  groups  is 
probably  the  last  indication  of  the  former  possession  of  scales. 

Each  hair  first  ai’ises  as  a proliferation  of  the  epidermic  cells 
in  the  region  of  the  Malpighian  layer  which  comes  to  project 
inwards  towards  the  dermis  (Fig.  15,  A,  B and  C).  In  this 
manner  the  hair-germ  is  formed.  Thus  the  epidermic  portion  is  the 
irrimary  one  ; a corresponding  dermal  papilla  is  formed  secondarily, 
and  is  the  homologue  of  the  papilla  which  forms  the  first  trace  of 
the  scale  in  a Reptile  or  the  feather  in  a Bird. 


The  thickening  of  the  epidermis  then  grows  downwards  in  the  form  of  a 
])apilla  and  becomes  surrounded  by  the  cells  of  the  dermis,  so  that,  as  in  the 
case  of  the  feather,  it  comes  to  lie  within  a kind  of  pocket,  the  hair-follicle 
(Fig.  14,  C).  Tlie  origimilly  uniform  mass  of  cells  of  the  hair-germ  later 
becomes  ditferentiated  into  a peri])lieral  and  a central  portion.  The  latter 
consists  of  more  elongated  cells,  and  gives  rise  later  to  the  ha  ir-nhaft  with  its 
tnednlla  or  pith,  and  t(j  the  cortex,  as  well  as  to  the  cuticle  of  the  shaft  and 
the  .so-called  inner  root-sheath;  the  former  gives  rise  tlie  outer  root-sheath 
(ccmij).  Fig.  K)  A,  which  represents  tlie  fully-formed  hair).  The  base  of  the 
hair-shaft  whicli  fills  uji  the  bottom  of  the  follicle  is  broadened  out  to  form 
tlie  hnir-hulh  (Fig.  15,  B),  which  grows  round  the  later  formed  and  hif^hly 
%asculai  hair-iiapilla  like  a caji  (C,  D).  At  Dr,  in  U,  the  sebaceous  (jlcuids 
(p.  are  seen  arising  by  a proliferation  of  the  Malpighian  cells.  The  hair 
usually  breaks  through  the  skin  in  an  oblicpie  direction  ; the  direction  differ- 
ing 111  diflerent  parts  of  the  body. 


/iair-s7ta//!  embedded  at  its  base  in  the  hair- 
Jotlwle,  is  more  or  less  cylindrical : it  consists  of  three  parts — 

* It  has  been  .suggested  that  the  hairs  correspond  to  modified  inteKiiiiientarv 
sense-organs  such  as  occur  in  the  lower  t'ertebrates  (comp.  Figs.  15  and  15U). 
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mcclulla  corte^  cuticle  (Fig.  16  A),  all  of  which  are  formed 
trom  cells.  The  follicular  tissue,  which  is  richly  provided  with 
blood-vessels,  extends  into  the  bulb-like  base  or  root  of  the  hair- 


P /t 


Fi(i.  I"). — Diacr.uis  or  Four  Staoes  (A-D)  in  the  Ueveloiament  of  Hairs. 

(After  F.  Maurer.) 

Sr,  .stratum  corneum  ; S^f,  .stratum  Malpigliii,  vvliieli  gives  ri.se  to  an  epitlielia 
knob  at  Ep  ; this  grows  inwards  into  the  dermis  (C)  ; F,  rudiment  of  tlie  liair- 
follicle  ; HP,  liair-paf)illa ; JIK,  hair-lndl)  ; Dr,  rudiment  of  the  sebaeeous 
glaml.  In  1),  / indieates  the  stratum  lucidum  with  eleidin-granules  in  the 
eel  Is. 


shaft,  and  gives  rise  to  the  hair-]]axjiUci.  From  this  region  a new 
hair-shaft  may  develop  when  the  hair  is  shed,  periodically  or  non- 
periodically  as  the  case  may  be,  often  by  the  formation  of  a new 
papilla.  The  colour  of  the  liair  is  due  to  three  causes ; — Firstly, 
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to  the  greater  or  less  accumulation  of  pigment  in  the  cells  of  the 
cortical  layer ; secondly,  to  the  air  contained  in  the  intercellular 


I(),  A. — Loxgitl'din.u,  Suction 


Tiijuujdii  A Hair.  (Diagi'amimitic. ) 


-S  , stratum  corneum  ; SM,  stratum  Malpigliii  ; Co,  dermis  ; Aj),  arrectores  iiili  : 
It,  adipose  tissue  ; F,  outer  longitudinal  layer,  and  F\  inner  transverse  layer 
oi  .leiyiic  coat  (both  composed  of  connective-tissue);  Sch,  hair-shaft; 
medulla;  A,  cortex;  0,  cuticle  of  shaft;  IKS',  IGS’h  external  and  internal 
ooi-sneatli,--the  latter  reaches  above  only  as  far  as  the  point  of  entrance  of 
vnL  1 glands  (7/7i7;);  7/7^  hair-papilla,  containing 

oV  +1^  ’ which  lies  between  the  inner  and  outer  Imir- 

sneaths,  between  tlie  root-sheiith  and  the  follicle  (dermic  coat). 


spaces  of  the  medulla;  and  lastly,  to  tlie  nature  of  the  surface  of 
e air  i.e.,  whether  it  is  rough  or  smooth.  The  hairs  are  usually 
arranged  m groups  of  finer  and  coarser  elements,  and,  especially 
in  the  case  of  the  vibrissa),  are  well  innervated. 
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A riclier  liuiry  covering  {lanmjo)  is  often  met  with  in  the  embryonic 
condition — as,  for  instance,  in  the  human  foetus — than  occurs  later  ; and  this 
fact,  together  with  the  occasional  apiDearance  of  abnormally  hairy  individuals, 
indicates  that  at  one  time  Man  was  distinguished  by  a far  more  abundant 
clothing  of  hair  than  at  the  present  day. 

Other  epidermic  structures,  formed  as  thickenings  of  the  horny 
layer,  also  play  a very  imiDortant  part  in  Mammals ; such  are — 
clavjs,  nails,  hristles,  and  spines  (Hedgehog,  Porcupine) ; the  so- 
called  Avhalebone  (baleen)  of  the  Mystaceti ; the  horn-sheaths  in 
Ruminants;  the  nasal  horns  of  the  Rhinoceros;  the  scales  in  Manis 
and  on  the  tail  of  the  Beaver  and  other  Mammals ; the  palatal 
plates  of  Sirenia  ; and  the  ischial  callosities  of  certain  Apes. 

V\\\Q\\  pigment  is  present,  as,  for  instance,  on  the  snout  in  many 
Mammals  and  on  the  external  genitals  (labia  majora  and  scrotum) 
and  the  teats  in  the  human  subject,  it  is  always  situated  in  cells 
of  the  IMalpighian  layer. 

The  outer  layer  of  the  dermis,  as  may  be  seen  by  a glance  at 
Fig.  IG,  B,  may  be  divided  into  an  outer  papillary  and  an  inner 

reticular  portion.  The  pa- 
pillte  of  the  former  are  ac- 
curately adapted  to  the 
over-lying  epidermis : some 
of  them  contain  blood-  and 
lymiDh-capillaries,  and  others, 
nerves  with  tactile  cor- 
puscles. The  latter,  on  the 
other  hand,  becomes  lost 
without  any  sharp  boundary 
line  in  the  sub-dermal  con- 
nective-tissue and  in  the 
more  or  less  strongly-de- 
veloped fatty  layer  (panni- 
culus  adiposus).  The  pads 
(tori)  on  the  soles  of  the  feet 
of  most  Mammals  are  due  to 
large  dermal  papillae. 

In  addition  to  numer- 
ous elastic  fibres,  smooth 
muscle  elements  are  distri- 
buted throughout  the  der- 
mis ; they  are  particularly 
abundant  in  the  scrotum 
(dartos)  and  in  the  teats, 
and  are  iDresent  in  connec- 
tion with  the  haii'-sacs 
(arrectores  p>iH)  '•  power  of  erecting  the  hair  possessed  by  many 
Mammals  is  due  to  these  (Fig.  16,  A).  A bony  dermal  skeleton 
is  found  only  in  the  Armadillo  amongst  existing  Mammals 
(comp.  p.  34). 


FK!.  ]G,  J5. — yiiCTlU.V  TIIIUJUGII  THE  HUM.\N 
Skin. 


Sc,  stratum  corneum;  SM,  stratum  Malpigliii ; 
Co,  dermis  ; F,  F,  subcutaneous  fat ; NP, 
sensory  papilbe  ; CP,  vascularpapillai ; N 
and  C,  nerves  and  vessels  of  the  dermis  ; 
SD,  SD,  sweat-glands,  with  their  ducts 
SJfi)  ; H,  hair  with  sebaceous 
glands  (D). 


INTEGUMENT 


The  integumentaiy  glands,  which  are  well  developed  in  all 
Mammals  except  the  Cetacea,  are  of  two  kinds,  hibidar  and  acinous. 
The  former  include  the  sxocat-glands  and  their  various  modifica- 
tions ; while  the  latter  are  spoken  of  as  sebaceous  glaxids,  and  include 
the  already-mentioned  glctndsof  the  hair-sacs,  Avhich  serve  to  oil  the 
hair  (Figs.  15  D,  and  16,  A and  B),  prcpxdial  glands,  the  inguinal 
glands  of  certain  Rodents,  the  Meibomian  glands  of  the  eyelids,  and 
many  others.  It  must  be  borne  in  mind,  however,  that  there  is 
not  always  a sharp  distinction  between  these  two  kinds  of  glands. 

Tlie  paired  femoral  (fland  of  Ornitliorhynchus  opens  by  means  of  a long 
duct  on  to  the  sjjur  jiresent  on  tlie  hind  foot.  Its  secretion  is  poisonous. 

Another  important  modification  of  the  integumentaiy  glands 
of  the  Mammalia  is  seen  in  the  mammary  glaxids,  which  secrete 

A 11 


d. 

Fin.  17,  A.— A,  \'K.vrKAL  Vikw  of  a IIkoodinc;  Fk.ualk  of  Echidna  hy^lrix. 
cll,  Disskotion  of  the  Vkxtkae  Inteoi-ment  from  the  Doksae  (Inwer) 
SiDiE  (After  W.  Haacke. ) 

the  t«o  tufts  of  hair  in  the  lateral  folds  of  the  niammarv  jioueh  (h.m.)  from 
which  the  secretion  (lows.  On  either  side  of  the  pouch,  which  is  surrounded 
by  strong  muscles,  a group  of  mammary  glands  {;/.vi.)  ojiens  ; d,  cloaca. 

milk  for  the  nutrition  of  the  young.  In  Moiiotremes  these 
apparently  correspond  to  sweat  glands,  while  in  other  Mammals 
they  represent  sebaceous  glands. 


ff- 


m. 
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Monotrenies  jjossess  no  teats,  and  the  milk  probably  passes 
along  the  hairs,  which  in  this  region  are  arranged  in  bunches,  and 
is  then  licked  off  by  the  young  animal.  The  gland  is  compressed  by 
a strong  sphincter  muscle.  In  Echidna,  a mammary  or  marsupial 
p>ouch  which  is  primarily  paired  and  becomes  unpaired  secondarily,  is 
early  formed  for  the  reception  of  the  young,  and  the  gland-masses 
open  into  two  depressions  of  the  ventral  integument  where  the 
bunches  of  hair  are  situated  (Fig.  17).  These  depressions  may  be 
called  mammary  pockets,  and  are  of  especial  interest  as  they  repre- 
sent the  first  stage  in  the  development  of  the  various  forms  of  teats 
present  in  all  other  IMammalia,  in  many  of  which  distinct  indica- 
tions of  theMonotreme 
condition  are  met  with. 
The  marsupial  pouch 
of  the  Marsupialia  is 
probably  homologus 
with  that  of  Echidna. 

Thus  a similar 
mammary  pocket  is 
formed  in  the  embryos 
of  Marsupials  and  pla- 
cental Mammals  by 
the  epidermis  extend- 
ing iiiAvards  towards 
the  dermis,  and  cylin- 
drical, more  or  less 
bi’anched  jDrocesses  a- 
rising  from  the  base 
of  the  pocket  thus 
formed  (Fig.  17,  B, 
A).  These  jDroce.sses 
only  are  the  glands 
propel',  the  mammary 
pocket  being  simjDly  a 
part  of  the  outer  sur- 
face of  the  skin  which 
has  sunk  inwards,  and 
thus  it  may  give  rise  to 
hairs  and  other  integu- 
mentary structures. 

The  teats  may  be- 
come developed  in  ono 
of  two  ways.  In 
the  pouch  becomes 


Fl(!.  17,  A — Dl.UiKAMMATIC  Rki’kkskntation.s  ok 
TIIK  KaKIvY  DeVKI.OPMKNT  ok  the  LEAl)IN(i 
I'yi’KS  OF  Mammauv  Reands.  (Modified  from 
Gegenbaur. ) 

A , first  or  undifferentiated  (mammary  pit)  stage  ; 
B,  stage  of  the  false  teat ; C,  stage  of  tlie  true 
teat  ; v,  v,  rim  (or  rampart)  of  tlie  glandular 
area  ; /,  (j,  glandular  area  ; (jl,  mammary  glands  ; 
d,  mammary  canal. 

the  first  of  these,  the  skin  surrounding 


raised  up  to  form  a circular  rampart,  and  thus  gives  rise  to  a teat 
perforated  by  a canal,  into  the  base  of  Avhich.  the  ducts  of  the 
gland  open  (Fig.  17,  B,  B).  In  the  second  case,  the  gland  sur- 
face itself  becomes  elevated  into  a papilla,  while  the  surrounding 
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skill  remains  almost  on  a level  with  the  rest  of  the  integument 
((7).  In  the  latter  case  the  teats  may  be  described  as  tmc  or 
iiccondary  (Marsupials,  Eodents,  Lemurs,  Monkeys,  and  Man),  and 
in  the  former  as  pseudo-  or  primary  teats  (Carnivora,  Pigs,  Horses, 
and  Ruminants).  The  latter  condition  is  already  indicated  in 
certain  Marsupials  {e.g.  Phalangista  vulpina). 

The  number  of  teats  varies  greatly : there  may  be  as  few  as 
cne  pair,  or  as  many  as  eleven  pairs  (Centetes).  They  are  often 
situated  in  two  nearly  parallel  rows  along  the  ventral  side  of  the 
thorax  and  abdomen  which  slightly  converge  towards  the  inguinal 
region  ; in  other  cases  they  may  be  restricted  either  to  the  inguinal 
(Ungulates  and  Cetaceans)  or  to  the  thoracic  region  (Sloths, 
Elephants,  Sirenia,  many  Lemurs,  Cheiroptera,  and  Primates) : 
while  in  others,  they  may  be  axillary  or  abdominal,  or  they  may 
occur  in  various  combinations  of  all  these  regions. 

In  tlie  male,  the  mammary  apparatus  becomes  aborted,  tliougli  usually  at 
birth  and  puberty  milk  is  produced  in  the  human  subject.  Male  goats  and 
castrated  sheep  have  also  been  known  to  give  milk,  and  the  same  is  probably 
true  of  male  Bats.  The  occasional  existence  in  men  of  supernumerary  teats, 
and  in  women  of  supernumerary  mammm  and  teats  {^wlymastism  and 
thelism)  is  very  remarkable.  They  are  usually  situated  in  the  thoracic  I’egion, 
and  must  be  considered  as  atavistic  to  a pximitive  form  which  jjossessed 
numerous  teats  and  which  produced  a number  of  young  at  a time.  Such  a 
tran.sition  from  polymastism  to  bimastism  may  be  seen  plainly  at  the  present 
day  in  the  Lemurs  ; in  them  the  inguinal  and  abdominal  teats  are  seen  in 
various  degrees  of  retrogressive  metamorphosis,  while  a single  pair  of  thoracic 
teats  remain  well  developed.  This  accords  with  the  fact  that  most  Lemurs 
bear  only  a pair  of  young  ones  at  a time,  which  they  carry  with  them  at  the 
lireast.  Moreover,  in  vai’ious  Mammals  a greater  number  of  teats  are  present 
in  the  embryo  than  in  the  adult. 

The  mammary  glands,  which  are  at  first  solid,  become  secondarily 
hollowed  out  and  further  differentiated.  The  whole  intermediate 
tissue  during  lactation  is  filled  with  white  blood-corpuscles 
(leucocytes);  and  possibly  the  well-known  structural  elements  of 
milk,  known  as  colostrums  and  milk-spheres,  owe  their  orio-in  to 
these  corpuscles,  which  have  passed  through  the  walls  of  the^acini. 


B.  SKELETON. 


1.  EXOSKELETON. 

Tjih  hard  exoskeleton,  consisting  of  hone  or  other  calcified  tissues, 
must  bo  distinguished  from  the  horny  exoskeletal  parts  described 
in  the  last  chapter,  in  which,  however,  the  former  was  also  referred 
to.  Thus  it  will  be  remembered  that  the  term  “scale”  is  some- 
times used  for  a horny  epidermal  structure,  and  sometimes  for  a 
bony  dermal  one  (pp,  IS,  20). 

The  first  and  most  primitive  hard  structures  in  Vertebrates  are 
met  with  among.st  Elasmobranchs  in  the  form  of  small,  pointed 

denticles  {ijlacoid  organs)  in  the  skin ' 
these  consist  of  enamel  and  dentine, 
resting  on  a basal  plate  of  hone,  thus 
resembling  in  structure  ordinary  oral 
teeth,  which  will  be  de.scribed  later. 
Primitively,  as  in  many  Kays,  there  is 
a relatively  small  number  of  these 
placoids,  which  do  not  touch  one 
another,  while  in  most  Sharks  and  Dog- 
fishes they  are  much  more  numerous 
and  close-set  (Fig.  IS).  Their  shape 
is  rhombic  or  more  or  less  rounded, 
each  bearing  a spine,  and  new  ones 
being  continually  formed.  The  enamel, 
developed  in  connection  with  epidermic 
cells,  is  the  'primary  part  of  the  den- 
ticle (Fig.  19) ; the  dentine  is  developed 
secondarily — that  is,  later — from  the 
phyletically  younger  mesoderm,  and 
this  is  also  true  of  the  bony  portion. 
The  enamel  is  therefore  the  first,  and 
originally  the  only  hard  substance  of 
the  placoid  organ. 

The  first  bony  tissue  to  be  developed 
is  thus  formed  in  connection  with 


OF  Cbiilropliorw^  calcciiv. 
(Slightly  magnified.) 

(From  Gegenbaur’s  Comp,  An- 
atomy. ) 
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these  denticles,  the  basal-plate  representing  an  accessory  portion 
of  the  denticle,  and  serving  to  fix  it  Avithin  the  skin.  In  the 
further  course  of  evolution  the  denticle  itself  undergoes  reduc- 
tion, the  basal-plate  remaining  as  an  independent  structure.. 
This  is  illustrated  by  a study  of  the  exoskeleton  in  other 
Vertebrates. 

In  the  Holocephali  dermal  denticles  are  only  present  on 
certain  appendages  (the  claspers),  and  the  first  dorsal-fin  is 
strengthened  by  a large  bony  spine. 

In  most  Ganoids  thick  plates,  usually  rhombic  in  form,  are 
present  in  the  skin ; in  bony  Ganoids  these  cover  the  entire 
body,  their  margins  being  in  apposition.^  These  ganoul-scales- 
correspond  to  the  main  (deeper)  part  of  the  placoid  basal-plates^ 


E 


Fig.  19.— Vertical  Section  through  the  Skin  of  an  Embryo  Shark. 

(From  Gegenbaur’s  Gom-p.  Anatomy.) 

C,  dermis  ; c,  c,  c,  d,  layers  of  the  dermis  ; p,  papilla  ; E,  epidermis  ; e,  its  layer' 
of  columnar  cells  ; o,  enamel  layer. 

the  spine  having  become  rudimentary.  Their  surface  is  dense 
and  smooth  {ganoin-layer),  and  was  formerly  erroneously  supposed 
to  consist  of  enamel.  In  Lepidosteus  they  bear  numerous  small 
denticles;  but  from  what  has  been  said  above,  this  fact  does 
not  indicate  that  each  ganoid-scale  corresponds  to  a multiple 
ol  placoids.  The  exoskeleton  was  largely  developed  amongst  fossil 

The  scales  of  Teleosts,  the  first  indication  of  Avhich,  as  in 
the  case  of  placoid  scales,  is  seen  in  the  form  of  small  papilhe  of 
the  dermis  extending  into  the  epidermis,  correspond  to  the  super- 
ticial  portions  of  the  basal-plates.  In  the  further  course  of  develop- 
ment they  are  seen  to  consist  of  bony  plates  arranged  in  oblique 
rows  and  lying  directly  beneath  the  epidermis,  the  individual  scales 
not  touching  one  another,  and  their  surfaces  lying  parallel  to  the 

’ In  Anna,  the  .scales  have  a “ cycloid”  form.  (See  note  on  p.  3‘J.) 
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SLU'tace  of  the  body.  In  this  stage  their  arrangement  resembles  that 
seen  in  Ganoids.  Subsequently  they  usually  come  to  lie  within 
definite  pockets  or  sacs,  and  to  overlap  one  another  like  tiles  on  a 
roof  (Fig.  20  A).  The  surface  of  the  scales  may  be  sculptured.^ 


FK!.  — DlAtiU.VMMATIC  LuN(ilTUUINAl.  SkCTION  TUROUUir  THE  SKIN  OF  A 

Tf.leostean,  to  show  the  Relation  of  the  Bony  Scales.  (Fro.u  Boas’s 

Zooloijxj. ) 

/,  (lerniis  ; ,s,  scale  ; o,  epidermis. 


Amongst  the  Siluridm  (Fig.  20,  B),  Plectognathi,  and  Lopho- 
branchii,  they  may  be  of  relatively  large  size  and  so  arranged  as  to 
form  a strong  bony  cuirass. 

Scales  arc  wanting  in  Cycloslomes,  and  may  be  reduced  or  absent  in  repre- 
sentatives of  tlie  tliree  larger  Orders  described  above  {viz.,  in  Electric  Fishes 
Spatularia,  and  some  Eels). 

In  the  Dipnoi  the  arrangement  of  the  scales  is  similar  to  that 
seen  in  the  Teleostei.  They  consist  of  an  external  hard  substance 


Fig.  20e. — Dermal  Armature  of  CallicMhyv. 


11,  barbules  ; BrF,  pectoral  fin  ; BF,  pelvic  fin  ; RF,  dorsal  fin  ; DS  and 
dorsal  and  ventral  bony  shields  j +,  lateral  line. 


arranged  in  a network  and  provided  with  numerous  denticles,  and 
of  an  internal  portion  composed  of  firm  connective-tissue  and  bone. 

’ Different  forms  of  the  rounded  or  polygonal  scales  in  Teleostei  are  dis- 
tinguished as  cycloid  and  ctenoid.  The  former,  which  are  the  more  primitive, 
have  a smooth  margin,  while  in  the  latter  the  posterior  margin  is  toothed  and 
comb-like.  \’arious  intermediate  stages  exist  between  the  two  forms. 
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These  denticles  are  developed  from  connective-tissue  cells,  and  are 
not  comparable  to  theplacoid  denticle;  the  resemblance,  too,  between 
the  scales  of  the  Dipnoi  and  Teleostei  is  only  a superficial  one. 

Thus  the  exoskeleton  plays  an  important  part  in  Fishes,  and 
in  numerous  fossil  Amphibians  it  reached  a still  higher  develop- 
ment (Stegocej^hala).  Amongst  these,  specially  strong  dermal 
plcitGs  weie  foinied  in  the  region  of  the  shoulder-girdle,  and  very 
commonly  most  of  the  body  was  covered  with  scales.  Fossil  genera 
of  Amphibia  have,  however,  bequeathed  but  slight  traces  of  this 
strong  dermal  armour  to  the  existing  forms  of  the  oroup:  as 
examples  may  be  mentioned  the  bony  plates  in  the  skin  of  the 
back  of  certain  Anura  (Ceratophrys  dorsata  and  Ephippifer  auran- 
tiacus),  as  well  as  the  scales  lying  between  the  ring-like  scutes  of 


plate.s ; MM,  marginal  plates;  Xp,  nuchal 
tron  •’//«’  Ilf’  I entoplastron  ; Ep,  epiplastron  ; Hy,  hyoplas- 


the  footless  Amphibia  (Gymnophiona).  The  latter  resemblp  in 
many  points  the  scales  of  FishesLd  BiVoans.anTma'rderiv 

00^, ml?  “ Salamander,  Dis- 

fosJi  Rei?iTei  "'n  ® developed  amongst 

lossii  Reptiles,  c.rj.,  many  Ornitho-scelida  (Stegosaurus)  In  EipIp 

?n?reTre;r as^n”h  aLixt;.  ^ 

centimeties  long  were  present  in  the  dorsal  region  Teleosa  rm 
Nodosauras  teltdiiT"'"  f“‘atns  and  the  Cretaceous 

Snoui?  c7cSs ' s ~ ^s?fds 

exhibit  'a  /ell-dev;iop:i"r;naTlhS:n.  iSt^fS 
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there  is  a dorsal  and  a ventral  shield  {carcqoacc  and  2}instron)  con- 
sisting of  numerous  pieces  and  completely  enclosing  the  body 
(Fig.  21).  Both  arise  independently  of  the  endoskeleton,  which 
is  preformed  in  cartilage : that  is  to  say,  they  are  true  exo- 
skeletal  membrane  bones  (cp.  note  on  p.  71).  The  exoskeleton,, 
however,  comes  into  the  closest  relation  with  the  endoskeleton, 
and  may  supplant  it  here  and  there : thus,  in  Testudo,  for 
instance,  the  thoracic  and  lumbar  vertebra3  and  ribs  become  quite- 
rudimentary. 

Birds,  as  already  mentioned  in  the  chapter  on  the  integu- 
ment, have  no  dermal  skeleton,  and  this  is  true  of  all  Mammals 
except  Armadillos  (Dasypodidse).  In  these  it  consists  of  a series- 
of  movable  transverse  bony  scutes  covering  the  head  and  body 
and  of  smaller  plates  on  the  tail  and  limbs.  Sparse  hairs 
occur  between  these  plates.  It  is  very  doubtful  whether  this 
exoskeleton  has  been  derived  from  that  of  Reptiles : more 

jjrobably  it,  like  the  homy  exoskeleton  of  Manis  (p.  26),  has 
arisen  secondarily,  and  in  consequence  of  its  development  the 
hairs  have  become  reduced.  In  Glyptodon,  a fossil  member 
of  this  group,  the  dermal  plates  were  firmly  united  together  to- 
form  a large  shield  which  covered  the  whole  body. 


2.  ENDOSKELETON. 

I.  VERTEBRAL  COLUMN. 

An  elastic  rod,  the  notochord  or  chorda  dorsalis,  lying 
in  the  longitudinal  axis  of  the  embryo  between  the  neural  and' 
visceral  tubes  (see  p.  9),  is  the  first  part  of  the  endoskeleton 
to  be  formed,  and  is  the  fore-runner  of  the  vertebral  column.  It 
is  developed  as  a ridge  of  the  primitive  hypoblast,  from  which  it 
becomes  constricted  olf,  and  is  therefore  of  epithelial  origin.  The 
large  parenchyma-like  cells  of  which  it  is  composed  consequently 
do  not  give  rise  to  any  intercellular  substance ; vacuoles,  however, 
soon  appear  within  the  cells,  the  protoplasm  of  which  undergoes 
modification,  and  thus  a retrogressive  metamorphosis  sets  in 
(Fig.  22).  The  fact  that  this  occurs  at  such  early  stages  of  develop- 
ment shows  that  the  notochord  must  long  ago  have  begun  to  lose- 
its  primitive  function,  whatever  that  function  may  have  been. 

As  these  degenerative  processes  are  gradually  carried  still 
further,  only  the  walls  of  the  cells  persist  in  the  greater  part  of  the- 
notochord  ; these  become  flattened  by  mutual  pressure,  so  that  they 
appear  like  a meshwork  of  pith-cells.  At  the  periphery,  however, 
the  cells  retain  their  protoplasm,  and  become  arranged  like 
an  epithelium.  Around  the  notochord  two  sheaths  (Fig.  22  yi,  2))* 
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Frf,.  22.  Dl.iGKAM.S  II.LU.STR.ATIX(i  THK  DEVELOPMENT  OF  THE  NOTOCHORDVL 
hHE.ATHS  .AND  VERTEBRAL  COLUMN. 

showing  notochordal  cells  (nc)  and  primary  sheath  (.V),  as  well 
as  the  mesoblastic  skeletogenous  layer  {nk.l)  ' 

/..-Later  stage  in  which  the  central  notocliordal  cells  (nc]  have  become 
acuolated  and  the  peripheral  cells  have  given  rise  to  the  “ notochordal  enithe 

nre?r-  V fibrillar  secondary  sheath  IS 

faye?  ^ cartilages  (rl.a,  t.a)  have  arisen  in  the  skeletogenous 

U— Cartilage  cells  have  passed  througli  the  primary  shenth  and  are  invadincr 

(Cartilaginous  Ganoids,  Holocephal’i,  Dipnoi  Elasnio^ 

■ grSly  the  notochord,  outside  its  .sheaths,  whicli 

' ' Represent  the  cauilal  region. 

transverse^roce-sses  (Ir.p)  and  artiiular  prots^'sSU 
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are  successively  develoiDed  from  its  cells,  and  these  differ  both 
chemically  and  23hysically  from  one  another.  The  ])rimary  sheath 
(so-called  elastica)  is  first  secreted  by  the  laeripheral  notochordal 
cells : the  secondary  sheath,  which  has  a similar  origin  from 
the  so-called  “notochordal  eiDithelium,”  apjDears  later,  and  occurs 
in  all  the  Craniata  ; it  is  said  not  to  be  present  in  Amphioxus, 
the  notochord  of  wliich,  like  that  of  the  Tunicata,  ajDjaarently 
represents  the  oldest  and  most  primitive  form  of  this  struc- 
ture, such  as  is  still  repeated  ontogenetically  in  Elasmob ranch s. 
The  thick  secondary  sheath,  which  like  the  jDrimary,  is  at  first 
homogeneous,  gradually  becomes  fibrillar  and  replaces  the  judmary 
sheath  functionally. 

From  the  surrounding  mesoblast  a shcletoyenous  layer  is  de- 
veloped : this  not  only  surrounds  the  notochord,  but  extends 
dorsally  to  it  as  well  as  ventrally  (Fig.  22).  Thus  a continuous 
tube  of  embryonic  connective-tissue  is  formed  enclosing  the  spinal 
cord  and  only  broken  through  at  the  points  of  exit  of  the  spinal 
nerves.  'This  stage  is  known  as  the  membranous  stage,  and  in 
it  no  indication  is  seen  of  the  segmentation  which  occurs  later  in 
the  vertebral  axis.  The  cause  of  this  segmentation  is  to  be  traced 
primarily  to  the  muscular-system  ; and  it  is  evident,  for  mechanical 
rciasons,  tliat  the  segmentation  of  the  vertebral  column  must 
alternate  with  that  of  the  muscular  segments  or  myotomes.  Small 
masses  of  cartilage  arranged  metamerically  later  aj)pear  in  the 
skeletogenous  tissue  close  to  the  notochord,  and  these  rejjresent  the 
I'udiments  of  the  dorsal  and  ventral  arches  and  bodies  or  centra  of 
the  rertebro:.  (Fig.  22,  B,  D,  E).  This  is  the  beginning  of  the 
second  or  cartilaginous  stage  of  the  vertebral  column ; the  various 
processes  (s|)inous,  transverse,  articular,  &c..  Fig.  22,  E)  are  then 
formed,  and  now  ossification  may  occur  {bony  stage).  Those 
parts  of  the  fibrous  tissue  which  do  not  become  consolidated  in  this 
manner  give  rise  to  the  ligaments  of  the  vertebral  column. 

During  these  differentiations  of  the  skeletogenous  tissue,  the 
notochord  suffers  a very  different  fate  in  the  various  Vertebrate 
groups ; it  may  increase  in  size  and  jiersist  as  a regular  cylindrical 
rod,  or  it  may  become  constricted  at  definite  intervals  by  the  forma- 
tion of  vertebral  bodies,  or  even  entirely  disappear. 

All  these  ontogenetic  stages  find  their  exact  jiarallel  in  the 
jihylogenetic  development  of  Vertebrates,  as  the  following  pages 
will  show. 

Amphioxus^  as  already  mentioned,  aiijiarently  possesses  the 
most  embryonic  type  of  notochord.  It  is  surrounded  by  a connec- 
tive-tissue layer  and  is  entirely  unsegmented. 

In  Cyclostomes  a very  similar  primitive  condition  is  retained  ; 
but  a secondary  sheath  becomes  developed,  and  cartilaginous  ele- 
ments apjiear  in  the  caudal  region : in  the  adult  Petromyzon 
these  are  jn’esent  all  along  the  notochord  in  the  form  of  rudi- 
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inentary  nmral  {dorsal)  arches,  which,  however,  do  not  meet  above 
the  spinal  cord.  These  cartilages,  of  which  there  are  two  pairs  to 
each  muscular  segment  or  myotome,  correspond  to  the  “ intercalary 
pieces"  of  Elasmobranchs  (p.  38);  they  serve  in  the  first  instance 
for  the  origin  and  insertion  of  the  muscles,  and  at  the  same  time 
form  a protection  for  the  spinal  cord.  Neural  spines  also  occur 
in  the  middle  of  the  axis,  and  in  the  caudal  region  Immal 
{ventral)  arches  enclosing  the  caudal  aorta  and  vein,  as  well  as 
hannal  spines,  are  present,  and  fusion  of  the  cartilaginous  elements 
occurs. 

To  the  condition  found  in  Cyclostomes,  that  seen  in  the 
Cartilaginous  Ganoids,  Holocephali,  and  Dipnoi  is  directly 
connected,  inasmuch  as  the  metameric  character  of  the  skeletal  axis 


Fi(i.  23. — PoKTiox  OF  THE  Vektei!KAE  COLUMN  oe  dj/ultt/aria.  (Side  view. ) 

Fi<!.  24. — Tr.ansverse  Section  of  the  Vertebral  Column  of 
rutheuwi  (iu  the  anterior  part  of  the  body). 

Pf,  .spinou.s  proces.s  ; EL,  longitudinal  elastic  band  ; SS,  skeletogenous  laj’er  ; Oh, 
upper  arch  ; M,  spinal  cord  ; P,  pia  mater  ; Ic,  intercalary  pieces  ; C,  noto- 
chord ; Ee,  primary,  and  Cv,  secondary  sheath  of  the  notochord  ; Ub,  lower 
arch  ; .4o,  aorta  ; Eo,  median  pai’ts  of  tlie  lower  arches,  whicli  here  enclose 
the  aorta  ventrally  ; Z,  basal  processes  of  the  lower  arches. 


is  essentially  indicated  by  the  neural  arclies.  In  the  two  groups  last 
mentioned,  however,  skeletogenous  cells  break  through  the  primary 
notochordal  sheath  (elastica)  and  so  invade  the  thick  secondary 
sheath,  which  in  consequence  encloses  cartilage  cells  amongst  its 
fibres.  In  Chimsera  calcified  rings  are  also  developed  in  the  central 
part  of  the  sheath  : these  are  more  numerous  than  the  arches. 
The  latter  are  developed  as  paired  dorsal  and  ventral  cartilages  : 
they^  remain  cartilaginous  in  the  Cartilaginous  Ganoids  (Figs.  23 
and  24)^  and  Holocephali,  but  become  densely  ossified  in  the  Dipnoi 
(Fig.  25).  In  the  caudal  region  the  haemal  arches  enclose  the 
caudal  aorta  and  vein ; further  forwards  the  cartilages  do  not  meet 
in  the  middle  line  below,  and  consequently  the  lower  arches  end 
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on  either  side  in  a laterally-directed  cartilaginous  projection,  or 
basal  process. 

The  relations  of  the  arches  in  Elasmobranchs,  Bony  Ganoids 
and  Teleosts  is  similar  to  that  above  described.  For  the  further 
strengthening  of  the  vertebral  column  so-called  intercalary  pieces 
(Bigs.  23,  24,  26,  28)  appear  between  the  upper  and -lower  arches 
ill]  Cartilaginous  Ganoids  and  Elasmobranchs,  and  these  in  the 


Fk;.  25. — I’oKTiox  or  tiik  A'krtkijh.'VU  Column  ok  Prolo2'derus. 

C,  notoelior<l ; J>F,  neimil  .spine  ; FT,  interapinous  bone  ; FS,  fin-niy. 


case  of  the  dorsal  arches  are  often  spoken  of  as  iniernetiral  jjlates. 
In  Elasmobranchs  the  neural  arch  may  be  made  up  of  several 
more  or  less  distinct  pieces — the  neared  processes  arising  from  the 
centrum,  the  neured  and  interneural  plcdcs,  and  the  neured  spines. 

In  the  Elasmobranchii,  the  skeletogenous  cells  invade  the 
notochordal  sheath,  as  in  the  Holocepliali  and  Dijinoi ; but  the 
sheath  then  becomes  seoiuented  to  form  a series  of  cartilaginous 

o o 
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nir. 


>Fi(i.  26. — Portion  of  the  t'ERTEUKAU  Column  of  Sajmnm. 

IFA',  centra  ; Oh,  upper  arches  ; Ir,  intercalary  pieces.  The  apertures  for  tlie 
spinal  nerves  are  seen  in  the  arc-lies  and  intercalary  jiieces. 


vertebred  bodies  or  centra,  ivhich  from  the  mode  of  their  formation 
may  be  called  chorda-ccntrcL  The  iact  is  thus  accounted  for  that 
the  number  of  arch-elements  does  not  necessarily  correspond  with 
that  of  the  centra  in  these  Fishes.  Ossification  may  occur  in  the 
concave  ends  of  the  centra  and  in  longitudinal  bars  along  each 
centrum. 
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lu  Bony  Ganoids  and  Teleosts  paired  dorsal  and  ventral  carti- 
lao'es  likewise  arise  above  and  below  the  notochordal  sheath,  but 

O 

in  the  course  of  development  so 
extend  at  the  base  as  to  completely 
surround  it.  From  the  dorsal  carti- 
lages the  upper  arches  take  their 
origin,  and  from  the  ventral  the 
lower ; while  the  cartilage  surround- 
ing the  notochord  gives  rise  to  the 
vertebral  centra,  which  may  there- 
fore be  distinguished  froiu  those 
■described  above  as  arch-centra. 

In  the  development  of  the 
•centra  of  both  kinds,  the  notochord 
becomes  constricted  by  the  growth 
of  the  cartilao'e  at  regular  intervals, 
while  the  latter  undergoes  segmen- 


WK,  centra  ; BF,  basal  processes  ; 
Ob,  upper  arches  ; Ps,  neural 
spine. 


tation  into  centra.  Each  point  of 

■constriction  corresponds  to  the  middle  of  a centrum,  i.e.,  it  is  intra- 
xertebraJ  in  position,  and  the  notochord  may  here  disappear  entirely  ; 


n.n 


Fig.  28.— Portion-  ok  tiik  Ykrtkisral  ConcMN  ok  Leyido^ttus.  (After  Balfour 

and  Parker. ) 

vertebra'  from  anterior  surface  ; B,  two  vertebne  from  the  side,  rn,  anterior 
convex  face,  and  n\>,  posterior  concave  face  of  centrum  ; b.a,  basal  process  ; 
H.G,  upper  arch  ; i.c,  intercalary  cartilages  ; /./,  longitudinal  ligament  ; r..x, 
interspinous  bone. 
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intervertehrally  it  remains  expanded  and  so  persists  as  a kind  of 
connecting-  or  packing-substance  between  contiguous  centra,  which 
are  consequently  of  a deeply  biconcave  or  amphiccelous  form  (Fio-s 
29a  and  29b).  ^ ® 

^ One  of  the  Bony  Ganoids,  Lepidosteus,*forms  a marked  excep- 
tion  to  other  Fishes  as  regards  its  vertebral  column,  inasmuch  as 
definite  aTticiolaiions  are  formed  between  the  centra.  A con- 
cavity is  formed  at  the  hinder  end  of  each  centrum  (Fig.  28),  which 
articulates  with  a convexity  on  the  next  vertebra  behind 
{opistliocodous  form).  Ihe  notochord  (except  in  the  caudal  region) 
entirely  disap23ears  in  the  adult ; in  the  larva  it  is  seen  to  be  ex- 
panded intvavcTtcbTally , and  constricted  intcvvc'rtcbvally , a condition 
of  things  which  appears  again  in  the  higher  tyj3e.s — as,  for  instance, 
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Kl(!.  "iOA.  — l)l.\(iHAM  .Sll(l\VIN<i  TIIIO  I.VrKRVKHTKIiHAn  Rk.MAJN.S  OF  TIIK  5 

NoTOOHOHI).  I 

% 

V,  C‘,  expandcil  and  wnistrictcd  jmrtions  of  notodioid  ; \VK,  centra  ; Li,  intei  - 

vertebral  liganient.s.  i 

Fid.  2!)is. — Portion'  of  tiik  Viortkiirar  (Joirimn  of  a Youno  Doiifisu  * 

(Sci///iiuii  rauiai/a).  After  Cartiei’.  ^ 

notochord  ; Kn,  outei',  and  Kn\  inner,  /.one  of  cartilage;  FK,  the  libro-carti- 
la^jinous  inaHS  lying  between  the.se  /.ones,  which  is  undergoing  calcification  : ; 

Li,  invertebral  ligament. 

« 

in  Reptiles.  In  a still  earlier  larval  stage,  however,  the  constric- 
tions are  intra vertebral,  as  in  other  Fishes. 

The  vertebral  column  of  Fishes  is  characterised  by  a very 
uniform  character  of  its  elements,  so  that  a distinction  can  only  be 
seen  between  the  trunk  and  caudal  vertebrae.  Its  primitive 
character  is  shown  by  the  fact  that  the  neural  arches  are  usually 
incomplete  dorsally.  As  a rule,  the  closing  in  of  the  arch  is  . 

effected  by  special  pieces  of  cartilage  (comp.  p.  38)  and  by  an  p 

elastic  longitudinal  band  (Figs.  24,  28)  which  is  always  iDresent : M 

this  also  applies  to  the  haemal  arches.  Articular  processes  between  ^ 

the  arches  {zyyapophyscs)  are  usually  present  in  Fishes  which  J 

possess  bony  vertebrae ; in  Rays  and  Chimaeroids  only  amongst  v 

Fishes  are  definite  articulations  formed  between  the  skull  and 
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t vertebral  column,  and  in  these  Fishes  the  anterior  vertebr®  are 
1 fused  into  a single  mass. 

1 O 

s 

5 In  the  ciiudal  region  of  Amia  the  centra  are  mostly  double,  an  archless 
• pleuro-  or  post-centrum  alternating  with  an  inter-  or  ijre-centrmn.  A some- 
what similar  condition  is  found  in  the  Jurassic  Eurycormus  and  other  fossil 
Ganoids. 

As  a rule  Elasmobranchs  and  Ganoids  possess  a greater  number  of 
vertebrie  (in  Alopecias  vulpes  there  are  365)  than  Teleosts,  in  which  we 
seldom  meet  with  more  than  70  : the  Eel,  however,  possesses  more  than 
200. 


The  caudal  region  of  the  vertebral  column  deserves  particular 
attention  in  Fishes,  and  the  condition  of  this  region  in  Amphioxus, 
Cyclostomi  and  Dipnoi,  may  be  taken  as  a starting-point.  In 
these,  the  notochord  extends  straight  backwards  to  the  hinder  end 
.)  of  the  body  and  is  surrounded  quite  symmetrically  by  the  tail- 
fin,  which  is  therefore  spoken  of  as  ‘protoccrcal  or  dipliyccrccd 
i 30).  This  condition  is  also  met  with  in  many  Fishes  of  the 

i 


Devonian  strata  as  well  as  in  young  stages  of  Teleostei.  In  the 
latter,  however,  the  ventral  half  of  the  tail-fin  with  its  sup- 
porting skeleton  (htemal  arches  and  fin-rays)  is,  as  a result  of  un- 
j equal  growth,  more  strongly  developed  than  the  dorsal,  and  the  end 
I ot  the  vertebral  column  becomes  bent  upwards,  thus  givino-  rise  to 
a leterocerccd  tail.  This  form  of  tail  may  be  recognised  externally, 
y as  in  many  Elasmobranchs,  Ganoids,  and  numerous  fossil  Fishes;  or 
r may  be  masked  by  a more  or  less  symmetrical  tail-fin,  as  in  Lepi- 
dosteus  (fig.  31),  Amia,  and  more  particularly  in  most  Teleosts* 
Salmo,  Fig.  32),  in  which  the  heterocercal  character  is  only 
visible  internally  The  posterior  end  of  tlie  vertebral  column 
IS  then  frequently  represented  by  a rod-like  urostyle,  and  in 
ieieosts  one  or  more  wedge-shaped  hypioral  hones  (enlarged  luemal 
arches)  generally  occur  diiectly  beneatli  it  (Fig.  32). 
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Amphibia. — The  vertebral  column  of  Urodeles  may  be  differ- 
entiated into  cervical,  tlwraco- lumbar,  sacral,  and  cwitdal  regions, 
and  these  regions  can  be  recognised,  except  in  certain  modibed 
I'orms,  in  all  the  higher  Vertebrates.  On  account  of  the  absence 
-of  extremities  in  Ciecilians,  the  vertebral  column  can  onl}’^  be 


Fu!.  .SI. — OK  Lajddo.item. 


ffivided  into  three  regions — cervical,  thoracic,  and  a very  short 
■caudal.  In  Auura,  no  special  lumbar  region  can  be  recognised, 
and  the  caudal  portion  is  modified  to  form  a urostyle  (see  pp.  41  and 
44).  The  centra  of  the  Amphibia,  as  well  as  those  of  the 
AniTiiota,  correspond  to  arch-centra  (see  p.  39). 


Fi(i.  C.vruAL  End  ok  Vertebral  Column  of  Salmon.  (From  Boas’s 

Zoology. ) 

h,  centruiu  ; h',  urostyle  ; n,  htemal  arcli  ; hyj)ural  bone  ; o",  neural  arch  ; t, 
neural  spine. 


The  notochord  of  Urodele  larvse,  like  that  of  most  Fishes, 
undergoes  intravertebral  constrictions,  while  intervertebrally  it 
grows  thicker,  and  accordingly  appears  expanded.  Thus  the 
vertebrae  here  also  are  amphiccelous.  Later,  intervertebral  masses 
•of  cartilage  become  developed,  which,  together  with  the  bone 
which  is  formed  at  the  same  time  in  the  surrounding  connective- 
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tissue,  extend  inwards  towards  the  centre,  gradually  constricting 
the  notochord  so  that  it  may  eventually  become  entirely 
obliterated.  Finally  a differentiation,  as  well  as  a resorption, 
•extendiug  inwards  from  the  periphery,  occurs  in  these  cartilaginous 
parts  : in  the  interior  of  each  an  articular  cavity  is  formed,  so  that 
in  the  vertebras  of  the  higher  Urodeles  an  anterior  convexity  and 


Fig 


\‘Ch, 


. 33.— Loxgituuixag  Section  tmkougii  the  Vekteekae  Column  of  Variou.s 
U KODELES.  A,  Ranodon .sibericm  ; B,  Amhhjstomn  tiijrinnm  : C,  GvrinorjhUv.s 
‘ ' /,  II,  III)  ■ D,  Saiamandnua 

notochord  ; Jrk,  invertehral  cartilage  : CK,  vertebral  cartilage  and  fat-cells  ; 
A,  peripheral  bony  covering  of  centrum  ; R,  riba  and  transverse  processes  ; S, 
eonstnepon  of  notochord  in  Amh/ysf.oma  Ivjrimim,  without  cartilage 
this  region  ;•*,  intervertebral  cartilaginous  tracts;  Mh,  Mh, 
1 gaiuei  socket  and  head  ; Uyt,  intervertebral 


•a  posterior  concavity  may  be  distinguished,  both  covered  with 
■caitii^e  ; they  are,  therefore,  opistlwccdcacs.  A glance  at  Fig.  33, 
A to  D,  will  make  this  clear.  ° 

^^^®^^'^elopment  of  the  vertebral  column  of  Urodeles  we 
us  fistinguish  three  stages: — (1)  A connection  of  the  indi- 
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vidual  vertebrae  by  means  of  the  iutervertebrally  expanded 
notochord  ; (2)  a connection  by  means  of  intervertebral  masses 
of  cartilage ; and  finally  (3)  an  articular  connection.  These 
three  different  stages  of  development  find  a complete  parallel 
in  the  phylogeny  of  tailed  Amphibians,  inasmuch  as  many  of 

the  Stegocephala  of  the  Carboniferous 
period,  as  well  as  the  Perennibranchiata,. 
Derotremata,  and  many  Salamanders, 
possess  simple  biconcave  vertebrae  without 
differentiation  of  definite  articulations.^ 
The  bony  parts  of  the  vertebrae  of 
Urodeles  are  not  formed  from  the  carti- 
laginous sheath  of  the  notochord,  but  in 
the  surrounding  connective-tissue,  there 
being  oidy  an  intervertebral  cartilaginous 
zone,  extending  into  the  ends  of  the  centra. 
In  the  Anura,  on  the  other  hand,  as  in 
Elasmobranchs,  Teleosts,  bony  Ganoids, 
and  the  higher  Vertebrata,  the  vertebrae 
are  preformed  in  cartilage,  and  true  arti- 
culations always  arise  between  the 
vertebrae : as  a rule  the  convexity  is 
posterior  and  the  concavity  anterior  (pro- 
ccelotis  form).  A further  difference  is 
seen  in  the  relations  of  the  notochord, 
which  persists  intravertehrally  longer 
than  iutervertebrally,  a condition  which 
leads  towards  the  Reptiles. 

The  configuration  of  the  caudal  region 
of  the  vertebral  column  must  also  be  re- 
marked upon,  as  it  differs  in  tailed  and 
tailless  Ampliibians.  The  long  caudal 
portion  of  the  vertebral  column  in  Frog^ 
larvae,  which  is  very  similar  to  that  of 
Urodeles,  undergoes  during  metamor- 
phosis a gradual  retrogressive  change,, 
and  the  vertebrae  of  its  proximal  end 
become  fused  together  and  ossified  to  fornr 
a long  unsegmented  dagger  dike  bone,  the- 
itrosiyle  (Fig-  34). 

Both  neural  and  haemal  arches  arise 
in  direct  continuity  with  the  centra.^ 
Haemal  arches  are,  however,  present  in  the  caudal  region  of 
Urodeles  only. 

The  neural  spines,  as  well  as  the  transverse  processes,  which  are 
a rule  bifurcated  at  tbe  base  and  are  present  from  the  second 


Fic.  :u.  — VicKTKim.u, 
(joUJMN  OK  Dixcon/OSHKK 
pir/iiti. 

!‘a,  articular  processe.s ; 
/’.s,  neural  .spine  ; 
transverse  proces.ses  of 
trunk  vertelme  ; 
transverse  processes  of 
caudal  vertelirib  (uro- 
style,  Oc) ; S IF,  sacral 
vertebra ; Oh,  upper 
arch  of  first  vertebra  ; 
Sif,  its  condylar  facets ; 
1*0,  its  anterior  pro- 
cess ; R,  ribs. 


as 


pltur 


‘ In  certain  of  the  Stegocephala  incomplete  lioops  of  bone,  the  inUr-  and 
iiro-cmlra,  twice  as  numerous  as  tlie  arches,  surrounded  the  persistent  notoclioii  . 
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vertebra  onwards,  show  the  greatest  variety  as  regards  shape  and 
size,  differing  in  the  several  regions  of  the  body.  The  transverse 
processes  of  the  single  sacred  vertebra,  which  give  attachment 
to  the  pelvis,  are  particularly  strongly  developed,  especially  in  the 
Anura  (Fig,  34). 

Articular  processes  {zyga.pophyses,  comp.  p.  40)  are  well  de- 
veloped in  all  Vertebrates  from  Urodeles  onwards,  and  consist  of 
two  pairs  of  projections  ai’ising  from  the  anterior  and  posterior 
edges  respectively  of  the  neural  arch.  Their  surfaces  are  covered 
with  cartilage,  and  overlap  one  another  from  vertebra  to  vertebra 
like  tiles  on  a roof:  not  unfrequently,  in  Urodeles,  the  neural 
spines  also  articulate  with  one  another,  and  thus  a well- articulated 
and  mobile  chain-like  vertebral  column  results. 

The  first  vertebra  (and  this  is  the  only  cervical  vertebra  of 
Anqjhihia),  becomes  differentiated  from  the  others,  and  consists  of 
a simple  ring  which  articulates  with  the  two'condyles  of  the  skull, 
and  also  with  the  base  of  the  latter  by  means  of  a more  or  less 
marked  process  often  spoken  of  as  the odontoid  ” process  (Fig. 
34) , thus  a freer  movement  between  the  skull  and  vertebral  column 
is  lendered  possible.  This  vertebra,  however,  is  not  homologous 
with  the  first  vertebra  (i.e.,  the  atlas)  of  the  higher  Vertebrates, 
as  is  demonstrated  by  a study  of  its  development,  which  shows 
that  the  real  atlas  loses  its  individuality  as  a separate  mass,  and 
becomes  united  with  the  occipital  region  of  the  skull.i  The 
first  vertebra  of  Amphibians  is  therefore  more  nearly  comparable 
to  one  of  the  next  following  cervical  vertebrse  of  higher  forms. 
It  possesses  posterior  zygapophyses  only,  and  its  condylar  facets 
correspond  to  modified  transverse  processes. 


' A similar  fusion  of  the  anterio 
occurs  in  some  Fishes  ami  in  Dipnoi. 
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comes  entirely  aborted  and  replaced  by  bony  tissue.  This  stronger- 
and  more  solid  ossification  of  the  "whole  skeleton  forms  a character- 
istic difference  between  the  Ichthyopsida  on  the  one  hand  and 
the  Amniota  on  the  other.  As  a rule  the  vertebrae  of  Reptiles- 
become  definitely  articulated  with  one  another,  and  are  of  the 
'procodou^  fyp®  • above-named  forms,  Avith  intervertebral  re- 
mains of  the  notochord,  form  an  exception  to  this  rule.  In  Croco- 
diles fibro-cartilaginous  di&cs  ox  menisci  occur  between 

the  centra  (Fig.  35). 

Ill  Crocodiles  the  vertelme  are  mostly  jirocoelous,  an  exception  being  seeiii 
in  tlio  two  sacrals  and  first  caudal.  In  Chelonians  there  is  great  variation  in 
tlie  form  of  the  individual  centra  of  tlie  cervical  verteln’ie — even  in  the  same 
individual  jirocielous,  ojiistliocielous,  liiconcave,  and  even  biconvex  centra,, 
witii  intervertebral  discs,  may  occur  ; wliile  tlie  thoracic  and  lumbar  vertebra;  j 
liave  flattened  faces,  and  are  firmly  united  together  by  cai’tilage.  j 

In  the  .Jurassic  Iclitliyosaurus  and  Eosaurus  the  centra  ivere  short  and  \ 
deeply  biconcave,  like  those  of  Fishes,  and  the  arches  ivere  connected  ivith  A 

them  by  cartilage  and  connective  tissue  ; as  a sacrum  was  absent,  only  a ; 

precaudal  and  a caudal  region  can  be  recognised.  In  Plesiosaurus,  Plio-  . 
saurus,  Nothosaurus,  Simosaiirus,  the  Anomodontia  and  others,  the  centra  . 
were  also  biconcave  or  flattened. 

I 

What  has  been  said  as  to  the  classification  of  the  vertebrjB  iiitO'  • 
different  regions  in  Urodeles,  as  well  as  to  the  presence  of  the 
various  processes,  u.sually  applies  here  also  to  a still  greater  extent.. 
Except  in  limbless  form,  there  are  always  several  cervical  vertebrae 
instead  of  a single  one  : there  are  also  typically  at  least  two  sacral 
vertebrae.  The  two  first  cervical  vertebrae  become  differentiated 
to  form  an  atlas — usually  consisting  of  three  pieces,  and  an  axis- 
— with  an  odontoid  bone  (Fig.  35,  and  comp.  jd.  4>o)} 

The  neural  spines  vary  in  size,  and  transverse  processes  arise 
from  the  centra  themselves  or  close  to  them.  Lower  arches,, 
attached  intercentrally  (chevron  bones)  are  present  in  the  tail  in 
Lizards,  Crocodiles,  and  some  Chelonians;  and  besides  these,, 
median  inferior  processes  of  the  centra  themselves  (?  intercentra)  are 
seen  in  many  of  the  vertebrae  of  Lizards,  Crocodiles,  and  Snakes,, 
and  in  the  latter  paired  processes  partly  enclose  the  caudal  vessels, 
'fhe  arches  in  Snakes,  Lizards,  and  Chelonians  become  united. 
Avith  the  centra  by  synostosis,  while  in  Crocodiles  they  remain, 
separated  from  them  by  sutures  (Fig.  35). 

In  consequence  of  the  absence  of  a pectoral  arch,  the  vertebral 
column  of  Snakes  and  Amphisbaenians,  like  that  of  Caecilians,. 
consists  of  trunk  and  caudal  vertebrae  only.  The  vertebral  column 
of  Chelonians  deserves  particular  notice  as  a large  portion  of  it 
becomes  anchylosed  with  the  dermal  bones  of  the  carajface  (p.  33,. 
Fig.  21),  and  is  thus  rendered  immovable, 

^ Tlie  odontoid  bone  corre.sponds  morphologically  to  a part  of  a centrum  of  the- 
atla.s.  A so-called  pro-a^/a-s — the  remains  of  a vertebra  situated  between  the- 
skull  and  atlas  proper — is  present  in  the  Crocodilia  (Fig.  35),  Hatteria,  ami 
Chaimelaeo,  as  well  as  in  many  fossil  forms. 
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In  Snakes  and  some  Lizards  (Hatteria,  Iguana)  extra  articular 
processess  {zygosphenes  and  zygantra)  are  developed  on  the  neural- 
arches.  In  Hatteria  and  the  Geckos,  small  separate  ossifications 
(intercentra,  comp.  p.  43,  44,  46)  are  jDresent  on  the  venUal  side 
of  the  vertebral  column  between  many  of  the  centra.  In  the  caudal 
region  of  Lizards  an  unossified  septum  remains  in  the  middle  of  each 
centrum,  so  that  the  tail  easily  breaks  off  at  these  points  : when  this 
happens  the  tail  grows  again,  but  proper  vertebrae  are  not  formed. 

Ill  fossil  Reptiles,  which  both  a.s  I’egards  size  and  number  of  species 
usually  surpassed  the  existing  representatives  of  the  class,  the  sacrum  often 
consisted  of  as  many  as  four  or  five  vertebrae.  The  following  facts  will  o-ive 

some  idea  of  the  monstrous  proportions  of  these  old  genera  of  Reptiles”: 

Atlantosaunis  immanis,  a North  American  Dinosaur,  reached  a length  of 


Fin.  35.— Anterior  Portion  of  the  Vertebrae  Column  of  a Youno 

Crocodile. 

**  spine;  As,  intervertebral  disc  ; 

tlTXl //  T'f articulating  with 

,,  t ’ 4,  atlas  ; u,  ventral  element,  and  s arch  of  atlas  ; o, 

procesf*^^  ’ articulating  with  the  atlas  at  h;  Po,  odontoid 


about  80  feet,  and  tlie  transverse  diameter  of  the  individual  vertebne 
amounted  to  lb  mclies,  while  Apatoscmrus  laticollis,  found  in  the  same  strata 
pos.sessed  cervical  vertebne  which  reached  a diameter  of  34  feet 

A knowledge  of  fossil  genera  of  Reptiles  is  of  the  greatest  interest  as  in 
many  gi-oups  important  points  of  connection  witli  Birds  can  be  recognised. 

of  vertebral  column  of  Birds  corresponds  with  that 

aenPtTolf"  '''  phylogenetic  relations,  but  also  onto- 

enSv^  poups  the  notochord  eventually  disappears 

entirely,  cind  the  whole  skeleton  becomes  strongly  ossified 

faceousT  n iT-*  ^^hthyornis  (from  the  Am°eLan  ■ Cre- 
taceous), po.ssessed  biconcave  vertebra,  but  in  existing  Birds  this 

GervlfaTtb®'"^'  vertebrie  (p.  49). 

-SS  caudal  regions  can  be  distin- 

llthtL  coirL^''  r'  mass 

pom  ing  centra,  and  are  no  longer  separated  from 


4S 


COMPARATIVE  AJIATOMY 


them  throughout  life  by  sutures,  as  is  the  case  in  certain  Reptiles  • 
even  the  ligament  which  kee]xs  the  odontoid  process  of  the  axis 
m its  place  may  become  ossified.  Fibro-cartilaginous  discs  or 
menisci  are  present  between  the  centra.  In  the  cervical  region, 
A\hichis  extieiiiely  flexible  and  often  very  long,  the  centra  are 
in  neaily  all  cases  connected  by  means  of  saddle-shaped  synovial 
artieulations ; the  upper  part  of  the  bifurcated  transverse  processes 
aiises  fiom  the  arch,  the  lower  from  the  centrum,  and  these  may 
unite  with  the  corresponding  forked  rib,  the  vertebral  artery  and 
vein  extending  through  the  foramen  thus  formed  (Fig.  36). 

Ill  the  thoracic  and  lumbar  regions  more  or  fewer  of  the 
vertebrae  usually  become  immovably  united  together. 

Hie  sacral  region  in  Bird-embryos,  like  that  in  existing  adult 
Reptiles,  consists  of  two  vertebrae  only,  the  transverse  processes  of 


Fk;.  3(5,  A. — Atlas  and  Axis  (from  tlic  left  side)  ; and  B,  Third  Cervical 
^'ERTEImA  (anterior  KACE)  OK  ^\'oODI■ECKER  {PiciiN  viriflin). 

A.  Oh,  A,  areli  and  centrum  of  atlas;  t,  condylar  facet;  Po,  odontoid  process  ; 

\VK,  centrum  of  axis,  and  i9a,  its  saddle-shaped  articular  surface  for  the 
third  vertebra  ; Px,  neural  .spine  of  axis  ; Pt,  transverse  process. 

B.  Sd,  articular  surface  of  centrum  ; Oh,  upper  arch  ; /■*«,  articular  process  ; Pt,  Pt, 

the  two  bars  of  the  transverse  process,  shown  on  one  side  anchylosed  with 
the  cervical  rib  (/f)  ; Ft,  vertebrarterial  foramen  ; Psi,  median  inferior  pro- 
cess (hyparpophysis). 


Avliich  o,ssify  sejiarately  and  correspond  to  fused  ribs,  as  in 
Amphibians  and  Reptiles.  During  further  development,  however, 
a number  of  other  (secondary  sacral)  vertebras  (thoracic,  lumbar, 
and  caudal),  with  their  rudimentary  ribs,  become  fused  with  the 
two  primary  ones  (Fig.  37),  so  that  the  entire  number  of  vertebras 
in  the  sacrum  may  be  as  many  as  twenty-three.  In  Archasopteryx 
the  sacrum  was  much  shorter  than  in  existing  Birds,  and  fewer 
vertebrae  were  united  with  it. 

In  existing  Birds  the  caudal  region  always  exhibits  a more  or 
less  rudimentary  character,  and  in  its  posterior  iiortion  the  ver- 
tebrae usually  fuse  together  to  form  a flattened  bone,  the  pygostyle, 
which  supports  the  tail  quills  (Fig.  111).  An  exception  to  this  rule 
is  found  only  amongst  the  Ratitae,  in  which  all  the  caudal  vertebrae 
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remain  distinct.  That  the  latter  is  the  more  original  condition  in 
Birds  is  shown  by  a study  of  their  development  as  well  as  by  the 
condition  of  the  tail  in  Archaeopteryx,  in  which  it  was  supported  by 
ninnerous  elongated  free  vertebrae  (Fig.  38j.  Moreover,  in  many 
Birds  (e.g.  Psittacus  undulatus)  more  vertebrae  are  formed  in  the 
embryo  than  are  seen  in  the  adult.  It  must,  however,  be  borne 
in  mind  that  the  pygostyle  may  be  made  up  of  from  six  to  ten 
fused  caudal  vertebrae,  and  in  the  sacrum 
even  a greater  number  may  be  included 
(cp.  p.  48) ; thus  in  the  common  Duck, 
seven  become  united  with  the  pelvis; 
eight  remain  free,  and  the  pygostyle  is 
composed  ol  ten  separately  ossified  and 
lused  segments,  making  in  all  twenty- 
five  vertebrae  originally  present  in  the 
caudal  region  of  this  Bird. 

Mammalia.— The  notochord  here 
persists  longer  inteo'vertehmlly  than  in- 
travertebrally,  but  it  disappears  entirely 
by  the  time  the  adult  condition  is  reached. 

A jelly-like  pulpy  mass,  the  nucleus 
2mlposus,  persists,  however,  throughout 
life  in  the  centi’e  of  the  fibro-cartilaginous 
menisci  which  are  developed  between 
the  centra.  The  whole  vertebral  column 
is  preformed  in  cartilage,  and  the  centra 
develop  in  continuity  with  the  arches 
but  become  ossified  from  separate  centres, 
as  do  also  the  various  processes.  These 
ossifications,  however,  become  fused  to- 
gether in  the  adult.  The  presence  of 
bony  discs  ox  epiphyses  on  the  ends  of 
the  centra  whicli  unite  with  the  latter 
coniparatively  late,  is  very  characteristic 
ot  Mammals ; they  are  however  absent 
or  only  imperfectly  developed  in  Mono- 
trematas  and  in  existing  Sirenia. 

True  articulations  between  the  centra 
aie  never  formed,  except  on  the  atlas 

and  f Amphibians,  Reptiles, 

are,  preson’t,  arislg  ifm  ™emj™“hes  > '"S'Tirl 

mSholloCflfut’’®  th“"  ‘I'®  eentra  may  b™  o 

character  (eq  Unfmktn'^^  opisthocoelous 

{e.g.  Ungulata).  In  some  cases,  on  the  other  hand,  the 

are  pre.sent  beside.s^”the^onHnarv^  Ra.sypus)  extra  articular  processes 

lumbar  vertebne  (Fig.  ^ Pd^liyses  on  the  posterior  thoracic- and 


Fig.  37. — Pelvis  of  Owl 
{Strix  bubo).  Ventral 
view. 


IF 


position  of  the  primary 
sacral  vertebrae : be- 

tween H and  II,  and 
behind  IF,  are  seen  the 
secondary  sacral  verte- 
bne, fused  with  the 
primary  ( IF) ; ilium; 
In,  ischium  ; P,  pubis  ; 
t , foramen  between 
ilium  and  pubis;  P, 
Inst  two  pairs  of  ribs. 
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cervical  vertebrae  may  become  firmly  fused  together  (Cetacea). 
The  distaC  parts  of  the  transverse  processes,  representing  rudi- 
mentary ribs,  are  perforated  by  the  vertebrarterial  canal  (p.  48) : 
m Monotremes  these  remain  distinct  at  any  rate  for  a lon<y  time 


Fig.  38. — Archceopteryx  lithograpMca.  Fi’om  the  Solenhofen  slates  (Jurassic.) 
After  Dames,  from  the  specimen  in  the  Berlin  Museum. 


The  atlas  and  axis  essentially  resemble  those  of  Birds,  but  the 
differentiation  of  the  vertebral  column  into  regions  characterised 
by  difference  of  form  is  much  more  sharply  marked  than  in  any 
other  Vertebrates.  There  are  as  a rule  seven  cervical  vertebras ; 
Bradypus,  however,  possesses  eight  to  nine,  and  Tamandua  bivit- 
tata  eight,^  while  in  Manatus  and  Choloepus  there  are  only  six. 
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Fig.  39a. — Diagram  showing  mode  of  Ossi- 
fication OF  Human  Axis.  (Ventral 
surface. ) From  Flower’s  Osteology  of  the 
Mammalia. 

0,  odontoid  process,  or  centrum  of  atlas  ; c, 
proper  centrum  of  axis ; na,  neural  arch  ; 
as,  anterior  articular  surface ; e,  e,  e,  e,  epi- 
physes,  completing  the  ends  of  the  centra. 


The  transverse  processes  are  simple  in  all  but  the  cervical 
region  and  arise  from  the  base  of  the  arch : in  the  thoracic  region 
they  are  tipped  with  cartilage  on  the  ventral  side  of  their  dfstal 
ends  for  articulation  with  the  tubercle  of  the  rib  (p.  58).  In  the 
lumbar  and  sacral  regions 
they  arise  from  the  centra, 
and  contain  fused  rib- ele- 
ments. 

In  long-necked  Ungulates 
(e.g.  Horse,  Camel,  Ox)  the 
neural  spines  of  the  anterior 
thoracic  vertebral  are  greatly 
developed,  and  a correspond- 
ingly strong  cervical  ligament 
(ligamentuin  nuchie)  is  par- 
ticularly ivell  developed  to 
support  the  weight  of  the 
head.  This  is  also  true  of 
antler-bearing  animals  and  of 
the  Gorilla. 

The  number  of  thoraco- 
lumbar vertebrie  varies  greatly 
in  difl'erent  Mammals : there 
may  be  as  few  as  fourteen 
(Armadillo)  or  as  many  as 
thirty  (Hyrax).  In  Ungulates 
the  number  is  constantly 
nineteen.  In  the  lumbar  ver- 
tebne  the  transverse  pro- 
ce.sses  are  especially  long, 
and  other  processes  (anapo- 
physes,  metapophyses,  hypa- 
jjophyses)  are  characteristi- 
cally present  in  this  region. 

Thus,  as  in  Amphib- 
ians, Reptiles  and  Birds, 
the  pelvis  is  connected 
with  the  sacrum  by  means 
of  rudimentary  ribs.  As 
in  the  two  last-mentioned 
groups,  there  are  not  more 
than  ivjo  primary  sacral 
vertebrae,  but  except  in 
O rnithorhynchusand  mo.st 
Marsupials  a few  caudal 
become  later  included  in 
the  sacrum  and  are  usually 
more  or  less  closely  united 

with  It  by  synostosi.s.  The  various  processes  of  the  sacral  vertebrte 
saLTvp‘;i‘'i  i-echiced.  In  Anthropoids,  as  in  Man,  the  first 
fornmtiln  plain  y marked  off  from  the  last  lumbar  by  the 

lation  of  the  so-called  promontory.  A sacrum  is  wantiiio-  in 

E 2 


iiG.  39b. — Side  View  of  the  Twelfth 
AND  iniRTEENTlI  ThORAIC  VERTEBRAi 
OF  Great  Anteater  (Myrmecophaga 
gnhata),  |.  From  Flower’s  Osteology  of 
the  Mammalia. 

m,  metapophysis  ; tc,  facet  for  articulation  of 
tubercle  of  rib  ; cc,  ditto  for  cajiitulum 

1 1 ^ygo-popliysis  ; ash 

additional  anterior  articular  facet  ; jiz. 
posterior  zygapoiihysis  ; pz^  and  addi- 
tional posterior  articular  facets. 
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the  Cetacea  and  Sirenia,  in  correspondence  with  the  absence  of 
hind-limbs. 

The  caudal  vertebrae  vary  extremely  in  their  development,  and 
excepting  in  most  long-tailed  Mammals — such  as  Kangaroos, 
Sirenians,  Cetaceans  and  certain  Apes — no  longer  develojD  lower 
arches.  When  present  these  “ chevron  bones  ” are  intervertebral 
in  position. 

Tlie  greatest  number  of  caudal  vertebrte  is  found  in  Microgale  longicauda 
(forty-eiglit),  Manis  macrura  (forty-six  to  forty-nine),  Paracloxurus  (about 
thirty-six),  and  certain  Monkeys  (tliirty-two  to  thirty-three). 

The  caudal  region  is  most  reduced  in  the  higher  Primates,  in 
which  it  gives  rise  to  a stump-like  coccyx  consisting  of  at  most  five  to 
six  rudimentary  vertebra^,  all  fused  together,  and  these  may  even  (in 
the  human  subject,  especially  in  the  male)  fuse  with  the  sacrum. 
]\Iany  facts  as  regards  the  development  as  well  as  the  structure  of 
the  whole  tail-region  in  the  adult  show  however  that  the  ancestors 
of  Man  must  have  been  jjrovided  with  a distinct  and  functional 
tail. 


II.  Ribs. 

The  ribs  do  not  as  a general  rule  (with  the  excej)tious  to  he 
noted  jircsently)  arise  as  outgrowths  from  the  vertebral  column,  but 
become  developed  independently  in  the  skeletogenous  layer — that 
is,  in  the  tissue  of  the  somites,  and  their  connection  with  the 
vertebral  column  is  a secondary  one.  They  stand  in  the  closest 
connection  wdth  the  interminscular  septa  or  myocommata  of  the 
great  lateral  muscles  of  the  body  (Fig.  40  A,)  are  arranged  seg- 
'mentally,  and  onto-  as  well  as  phylogenetically,  pass  through  a 
membranous,  a cartilaginous,  and  a bony  stage ; their  ossification  is 
independent  of  that  of  the  vertebral  column.  In  their  jDi'imitive 
form,  the  ribs  have  simple,  unbifurcated  heads,  the  articulation  of 
which  with  the  vertebral  column  first  takes  place  in  the  region  of 
the  “ intercentra  ” (p.  47),  and  from  this  condition  all  the  later  modi- 
fications as  regards  their  form  and  connection  are  to  be  derived. 

The  ribs  present  great  variation  in  the  various  vertebrate 
Classes  : they  may  be  short  and  stump-like  and  almost  horizontal 
in  position,  or  may  grow  ventralwards  so  as  to  encircle  the  body- 
cavity.  Primitively,  ribs  may  he  present  all  along  the  vertebral 
column,  but  in  the  higher  types  they  become  I'educed  in  certain 

regions.  i i • i 

In  order  to  arrive  at  sound  conclusions  as  to  the  morphological 

value  of  the  ribs,  their  relations  to  the  soft  parts  must  be  taken  into 
consideration.  It  is  then  seen  that  they  arc  not  com^jlctcly  homo- 
logous througho^it  the  vco'tehrcttc  scries,  and  that  those  of  Ganoidei, 
Teleostei  and  Dipnoi  are  not  exactly  comparable  to  those  of  Elasmo- 
bianchii.  Amphibia,  and  Amniota  (Fig.  40a). 
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Ganoidei,  Teleostei,  and  Dipnoi — In  these  forms  the  ribs, 
almost  without  exception,  are  connected  with  the  ventral  parts  of 
the  notochordal  sheath  (Dipnoaiis)  or  with  the  “ basal  processes  ” 
(Ganoids  and  Teleosts,  see  p.  :J8)d  This  is  one  point  of  difference 
between  the  ribs  of  these  forms  and  those  of  other  Vertebrates : 
another  is  that  they  are  always  situated  beneath  (internal  to) 
tiie  lateral  muscles,  between  these  and  the  peritoneum  (Fig.  40a,  A, 
B,  C).  In  Teleosts  the  ribs  are  at  first  continuous  with  the  basal 
piocesses  and  become  secondai'ily  segmented  off  from  them ; this 
may  be  a coenogenetic  modification. 

Towards  the  caudal  region,  the  ribs  gradually  take  on  the  form 
of  hannal  arches,  which  have  precisely  the  relations  of  the  ribs  as 


Fig.  40ij. — Antkrioh  End  ok  tuk  Vektkhkal  Column  of  Polypterus.  From 

the  ventral  side. 

irA",  eentra  ; I — P,  first  five  pairs  of  doi’sal  ribs  ; f+,  ventral  ribs. 

described  above.  In  Teleosts,  however,  the  ribs  gradually  disappear 
in  passing  backwards  to  the  tail,  and  the  hoemal  arches  are  formed 
by  the  basal  processes  alone  (Fig.  40a,  B,  c.).  In  spite  of  these  differ- 
ences, however,  there  can  be  no  doubt  that  the  ribs  of  Teleosts  are 
homologous  with  those  of  Dipnoans  and  Ganoids. 

Large  rib-like  structures  (“  upper  ribs  ”)  are  present  in  Polypterus  (Fig. 
40b),  which  have  a similar  position  to  that  of  the  ribs  in  tlie  forms  next  to  be 
described  ; and  amongst  the  Teleostei  (Clupeoidei,  Salmonidm)  small  cartilages 
are  present  beneath  the  lateral  line  in  a similar  position  to  tliat  of  the  distal 

1 The  ribs  are  rudimentary  in  certain  species  of  all  tlie  orders  of  Fishes,  and 
in  some  cases  their  place  is  taken  by  fil)rous  bands,  arising  from  the  skeletogenous 
layer.  They  are  wanting  in  C3'clostomes. 
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ends  of  tlie  upper  ribs  of  Polypterus,  to  which  they  probably  correspond. 
There  can  be  little  doubt,  however,  that  the  more  delicate  bars  which  lie 
ventrally  to  tlie  larger  structures  in  Polypterus  correspond  to  the  ribs  of 
Fishes  (“lower  ribs  ”)  as  described  above.  It  is  therefore  possible  that 
Polypterus  and  certain  Teleostei  possess  the  representatives  of  two  sets  of 
i-ibs — the  one  corresponding  to  those  of  the  majority  of  Fishes,  and  the 
otlier  to  those  of  Elasmobranchs,  Amphibians,  and  Amniota  (Fig.  40a,  E). 

The  intermusmlar  hones  present  in  the  myoconiniata  of  Teleosts 
probably  correspond  simply  to  ossifications  of  the  septa,  and  have 
nothing  to  do  with  ribs. 

Elasmobranchii. — -The  small,  cartilaginous  ribs  of  these 
Fishes  arise  independently  of  the  vertebral  column  in  the  connec- 
tive tissue  of  the  intermuscular  septa,  and  extend  outwards  between 
the  dorso-lateral  and  the  ventro-lateral  mu.scles  (see  Fig.  40  A, 
D).  They  are  thus  not  genetically  connected  with  the  basal  pro- 
cesses, although  they  early  become  united  to  them  by  ligament, 
and  therefore  do  not  correspond  either  to  differentiations  of 
the  haemal  arches  or  to  transverse  processes  segmented  off 
from  these. 

Amphibia. — The  ribs  of  Amphibians  arise  in  a very  similar 
manner  to  those  of  Elasmobranchs,  but  differ  from  them  in  being 
from  the  first  connected  with  the  neural  (dorsal)  and  not  with  the 
haemal  (ventral)  arches  or  basal  processes.  This  is  due  to  the 
phylogenetic  upward  displacement  of  the  longitudinal  septum 
separating  the  dorso-lateral  from  the  ventro-lateral  muscles.  Like 
those  of  Elasmobranchii  and  Amniota,  the  ribs  are  situated  between 
these  two  masses  of  muscle,  but  never  extend  very  far  laterally  or 
ventrally. 

The  ribs  of  Urodeles  are  forked  at  their  proximal  ends,  and 
articulate  with  bifurcated  transverse  processes  of  the  vertebrae 
arising  from  the  arch  and  centrum  respectively  : the  dorsal  part 
of  the  transverse  process,  arising  from  the  arch,  is  a new  acquis- 
ition. In  many  cases  ribs  are  present  only  in  the  region  of  the 
trunk,  but  occasionally  they  extend  into  the  base  of  the  tail, 
where  haemal  arches,  corresponding  to  the  basal  processes  of 
Elasmobranchs,  are  also  present^  Urodeles  therefore  pos.sess 
the  representatives  of  two  kinds  of  ribs,  morphologically  distinct 
from  one  another  (comp.  Polypterus  and  Teleostei,  p.  54).  All 
the  precaudal  vertebrae  except  the  first  usually  bear  ribs ; in  rare 
cases  (Spelerpes)  there  are  a few  ribless  lumbar  vertebrae. 

In  the.Anura  the  ribs  are  much  shorter,  and  are  doubtless 
degenerated.  As  a rule,  they  become  fused  with  the  broad  trans- 
verse processes,  at  the  ends  of  which  they  are  situated  ; the  anterior 
ones  may  sometimes,  however,  remain  distinct  (Fig.  34).  They  are 
never  bifurcated,  and  no  trace  of  haemal  arches  exists. 

The  elements  of  true  ventral  arches  (basal  processes)  may  also  be  present  all 
along  the  tmnk  in  the  larva  of  Salamandra  maculosa,  and  are  still  more  marked 
in  JNecturus  (Menobranchu.s). 
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In  the  Urodele  Necturus  four  cartilaginous  ^‘ahdominal  ribs”  (see 
below)  may  be  present  in  the  septa  between  the  ventral  pai-ts  of  the 
myotonies  on  the  level  of  the  shoulder-girdle.  Bony  abdominal  ribs  also 
occur  in  certain  Stegocejihala. 

Reptiles.  As  already  mentioned,  tlie  ribs  of  the  Amniota  are 
comparable  to  those  of  the  Amphibia,  but  they  grow  further 
ventralwards  and  so  encircle  the  bod}'^-cavity  to  a greater  or  less 
extent.  The  dorsal  (proximal)  section  of  the  rib  may  also  become 
segmented  from  the  distal  (ventral)  portion  ; and  as  a rule  a certain 
number  of  the  ribs  unite  together  ventrally  to  form  a stermovi 
(Fig.  44) : these  are  usually  distinguished  as  “true  ” ribs  from  the 
others,  or  “false”  ribs. 

The  ribs  of  Snakes  show  the  least  amount  of  differentiation  ; for, 
without  giving  rise  to  a sternum,  they  extend  along  the  whole 
trunk  from  the  third  cervical  vertebra  to  the  anus,  and  retain 
throughout  a similar  form  and  size.  In  Lizards,  where  a dorsal, 
unforked,  bony  and  a ventral  cartilaginous  ]3ortion  can  bo  distin- 
guished, three  or  four  ribs  reach  the  sternum,  and  are  not  always 
completely  segmented  off  from  it. 

In  Clielonians  the  cervical  ribs  unite  with  the  vertebrae  more  or 
less  completely,  and  in  the  region  of  the  trunk  the  ribs  become  fused 
with  the  costal  plates  of  the  carapace  (p.  33).  Their  proximal 
unbifurcated  ends  are  attached  between  the  centra,  at  the  junction 
of  centrum  and  arch.  There  is  no  sternum. 

The  proximal  ends  of  the  cervical  ribs  in  the  Crocodilia  are 
bifurcated,  in  correspondence  with  the  double  transverse  processes 
in  this  region,  and  thus  a vertebrarterial  canal  is  formed.  Further 
back,  the  ribs  increase  in  length,  and  become  segmented  into  two 
or  three  articulated  portions.  In  passing  from  before  backwards, 
their  point  of  origin  becomes  gradually  shifted,  so  that  while  the 
anterior  thoracic  ribs  are  attached  to  the  centra,  the  posterior  ones 
arise  entirely  from  the  transverse  processes,  which  increase  in  size 
correspondingly.  Eight  or  nine  ribs  reach  the  sternum,  and  from 
the  eighteenth  veiTebra  backwards  the  transverse  processes  no 
longer  bear  ribs,  but  only  short  cartilaginous  apophyses. 

Uncinate  iJvoccsses  (see  below)  are  present  in  connection  with 
the  ribs  in  the  Crocodilia  as  well  as  in  Hatteria. 

Abdominal  ri6s,”  arising  as  ossifications  of  the  in.scriptiones  tendineje 
of  the  ventral  muscles,  occur  in  Crocodiles  and  in  Hatteria,  as^  well  as  in 
numerous  fossil  Rejitiles. 

Birds. — The  ribs  of  Birds  exhibit  a much  more  marked 
segmentation  into  vertebral  and  sternal  'portions,  both  of  which 
become  ossified,  and  this  evidently  stands  in  relation  to  their 
more  active  respiration.  Uncinate  proeesses,  moreover,  arise  from 
the  vertebral  portions  in  nearly  all  Birds,  and  overlajo  the 
ribs  next  behind  them  (Fig.  41).  The  whole  costal  apparatus 
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is  rendered  still  firmer  by  the  frequent  fusion  of  the  vertebrae 
(p.  48),  by  the  individual  ribs  often  being  very  broad,  as  well  as 
by  the  form  and  arrangement  of  the  sternum  and  pectoral  arch, 
which  will  be  treated  of  later.  The  last  three  or  four  cervical 
vertebrae  may  bear  comparatively  large  and  movable  ribs.  The 


Fig.  41.— Skeleton  of  the  Trunk  op  a Falcon. 

S,  scapula  ; G,  glenoid  cavity  for  humerus  ; Ca,  coracoid,  which  articulates  witli 
the  sternum  (Si)  at  t ; Fu(Cl),  furcula  (clavicles)  ; Cr,  keel  of  sternum  ; 
V,  vertebral,  and  Sp,  sternal,  portion  of  rib  ; Un,  uncinate  process. 


number  of  ribs  which  articulate  with  the  sternum  varies  between 
two  (Dinornis  elcphantopus)  and  nine  (Cygnus). 

(Concerning  the  sacral  ribs,  see  p.  48.) 

Arclneopteryx  po.sse.s.sed  12-13  pairs  of  “abdominal  ribs”  (comp.  p.  6(1). 

Mammals,  llie  cervical  ribs  here  unite  completely  with  the 
vertebrie,  and  a vertebrarterial  canal  is  thus  formed,  as  in  Croco- 
t lies  and  Birds.  Ihere  is  considerable  variation  with  regard  to  the 
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number  of  ribs  wbicli  reach  the  sternum,  and  in  some  cases  the 
sternal,  as  well  as  the  vertebral  ribs  may  become  ossified.  In  both 
“ true  ” and  “false”  ribs  (p.  56),  a capihihom,  a oicclc,  a tubercuhmi,  and 

a body  may  be  distinguished  (Fig.  42). 
TsFt  The  capitulum  of  the  former  usually 

articulates  with  its  own  centrum  as  well 
as  with  that  next  in  front,  in  the 
region  of  the  epiphysis ; the  tubei'- 
culum  articulates  with  the  cartilagin- 
ous facets  on  the  transverse  process. 
In  the  “ false  ” ribs,  these  characters 
are  to  a greater  or  less  extent  lost. 
As  already  mentioned  (p.  51),  rudi- 
ments of  ribs  are  present  in  the 
lumbar  and  sacral  regions,  and  unite 
with  the  corresponding  transverse 
jirocesses. 


Fic.  42. 


-Co.ST.U, 

M.\n. 


Arch  ok 


ll'A',  ccnLnim  of  vertebra  ; 
/V,  traii.svei’.se  process  ; 
/’s,  neural  sjjiiic  ; Up, 
of  ril) ; Cn.  capitu- 
Imn  ; C'o,  neck  ; Th,  tiibcr- 
culum  ; Kn,  cartilaginous 
sternal  rili ; 57,  sternum. 


This  fact,  as  well  as  the  nulimentary 
character  and  variety  in  size  of  the  eleventh 
and  twelfth  ribs  and  the  occasional  jjresence 
of  a thirteentli  ril)  in  Man,  shows  that  a reduc- 
tion in  the  nund)er  of  tliese  structures  is  here 
taking  place  : a gradiuil  shortening  of  the 
thoracic  ])ortion  of  the  vertebral  column  and 
a corres])onding  lengthening  of  the  cervical  and  lundjar  regions  is  also 
taking  ])lace  in  Mammals  genendly,  and  thus  it  may  be  stated  that  the 
reduction  in  the  number  of  ribs  is  correlated  with  a higher  stage  in 
development  of  the  Vertebrate  body. 


III.  STERNUM. 

Never  present  in  Fishes,  the  sternum  appears  for  the  first  time 
in  Amphibians  in  the  form  of  a small  variously-shaped  plate  of 
cartilage  situated  in  the  middle  line  of  tlie  chest  (Fig.  43).  It 
arises  as  a paired  cartilaginous  jilate  ^ in  the  inscriptiones  tendinese 
of  the  rectus  abdominis  muscle,  and  therefore  may  be  looked  upon 
as  corresjDonding  to  a pair  of  “abdominal  ribs.”  Such  cartilaginous 
abdominal  ribs  must  have  been  present  in  greater  numbers  in 
the  ancestors  of  existing  Urodeles  (comp.  Necturus,  p.  56).  In 
many  tailless  Batrachians  {e.g.,  Rana)  the  ventral  portion  of  the 
pectoral  arch  is  continued  forwards  in  the  middle  line,  from  where 
the  two  clavicles  meet,  as  a slender  omosternum  (Fig.  43,  D)  : 
this  has  a similar  origin,  and  the  proximal  portion  both  of  it 
and  of  the  sternum  become  ossified.  Thus  the  sternum  and 
omosternum  of  Amphibians  are  not  to  be  considered  as  correspond- 

’ It  Is  impaired  from  the  first  in  Triton  and  Rana,  but  this  is  probably  due  to 
an  abbreviation  of  development. 
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Of  Vakioits  Ami'Iiiijiaxs.  (Fi  onitlio  ventral  side).  A— Urodel 
( liafeiaimnatic) ; L— Axolotl ; C— Bombiiiator  igneus  ; D— Raiia  esculenta. 


f»rr  " tvuiiM 

; Cl^  {Cl  in  />*),  clavicle  ; (7,  coracoid  '^ECj 
oinosternuiTi A’ ’ f^’  ^^®“oid  cavity  for  the  liunierus  ; S/,  Sf^,  sternum  ; 

nerve-apert  ' ^ ^’®tween  procoracoid  and  coracoid  bars.  * and  t in  Ji  indicate 
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ing  to  differentiations  of  the  pectoral  archd  but  as  consisting  of 
skeletal  parts  which  primarily  belong  to  the  body-wall,  and  only 
secondarily  come  into  connection  with  the  limb-skeleton. 

In  most  Urodeles  and  certain  Anurans  the  edges  of  the  cartilag- 
inous sternum  are  inserted  into  the  grooved  median  margins  of  the 
two  coi’acoids  (Fig.  43,  B,  C),  to  which  they  are  iinited  by  connective 
tissue.  In  Rana,  on  the  other  hand  (D),  in  which  the  two  halves 
of  the  pectoral  arch  are  much  more  closely  connected  in  the 
middle  line,  by  far  the  greater  part  of  the  sternum  lies  entirely 
posterior  to  the  coracoids.  In  the  Perennibranchiata  and  Dero- 
tremata  the  sternum  is  much  simpler  than  in  other  Amphibians, 
and  in  Proteus  and  Amphiuma  it  undergoes  complete  degeneration. 


Fig.  44. — Pkctoral  Akcu  and  Sternum  of  a Gecko 
( llemidartyl.  uh  vtrracoma). 

St,  sternum;  R,  riljs  ; Si,  cartilaginous  cornua  to  which  the  last  pair  of  ribs  is 
attachecl ; SS,  suprascapula  ; S,  scapula ; Co,  coracoid  ; Co  , cartilaginous 
epicoracoid  : Ep,  episternum  ; a,  h,  c,  meinliranous  fenestrie  in  the  coracoid  ; 
Cl,  clavicle  ; G,  glenoid  cavity  for  the  humerus. 

Nothinsf  is  known  with  regard  to  the  sternum  of  fossil  Amphibians, 
which  was  probably  entirely  cartilaginous. 

In  the  Amniota,  the  sternum  arises  by  a number  of  ribs  on 
either  side  of  the  middle  line  running  together  to  form  a continuous 
cartilaginous  tract.  An  unpaired  cartilaginous  sternal  plate  is 
formed  by  the  tract  of  either  side  becoming  more  or  less  completely 
fused  with  its  fellow,  and  from  this  plate  the  ribs  become 
secondarily  segmented  off  by  the  formation  of  true  articulations. 

1 It  has  been  recently  shown  that  in  the  Elasiiiobrancli  Notidanm  cartilage.s 
ai  e.>presenc  in  the  median  ventral  line  of  the  pectoral  arch  which  are  segmented 
off  from  the  coracoids. 
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Later  it  may  become  calcified  (Reptiles),  or  converted  into  true 
bone  (Birds,  Mammals).  In  Reptiles,  Birds,  and  Monotremes  the 
coracoids,  as  in  Amphibians,  always  come  into  direct  connection 
with  the  lateral  edges  of  the  sternum  (comp.  Figs.  41,  44,  and  48). 

The  .sternum  is  greatly  developed  in  Birds,  and  consists  of  a 
broad  more  or  less  fenestrated  plate,  provided  in  the  vast  majority 
of  Carinatm  with  a projecting  keel,  which  forms  an  additional 
surface  for  the  origin  of  the  wing-muscles  (Fig.  41).  In  contrast 
to  these,  the  cursorial  Ratitae  are  characterised  by  a broad,  more 
or  less  arched,  shield-like  sternum  without  a keel.  In  some 
flightless  Carinatse,  however,  the  keel  is  rudimentary  or  even  ab- 
sent, and  a keel  may  occasionally  appear,  though  not  constantly. 


m 


Fig.  4o.— a.  Sternum  of  Fox  ; B,  of  Walrus  ; and  C,  of  Man. 

Mh,  manubrium  ; C,  body ; Pe,  xiphoid  process  ; P,  ribs. 

in  certain  Ratitae.  The  presence  or  absence  of  a keel  is  not,  there- 
tore,  a constant  character  separating  these  two  groujDS  of  Birds 
from  one  another.^ 

A greater  number  of  ribs  are  as  a rule  concerned  in  the  forma- 
tion of  the  sternum  of  Mammals  than  is  the  case  in  Reptiles  and 
Birds.  Consisting  at  first  of  a simple  cartilaginous  plate,  the 
sternum  later  becomes  segmented  into  definite  bony  portions 
(sternebrae)  the  number  of  which  may  correspond  to  the  affixed 
ribs  (Fig.  4.5,  A,  B).  But  in  other  cases,  as,  for  instance,  amongst 
Primates  (C),  the  individual  bony  segments  may  run  too-ether^to 
form  a long  plate  {cor'pus  stcrni).  The  anterior  end  of  the°sternum 
becomes  differentiated  into  the  so-called  mamchrmm,  and  the 
posterior  end  into  the  xiphoid  or  ensiform  process.  The  latter  owes 
its  origin  in  the  embryo  to  the  ventral  fusion  of  a true  pair  of  ribs. 

* A keel  was  also  present  in  the  flying  Reptile  P/emosanrus,  and  may  be 
developed  wherever  a larger  surface  for  the  origin  of  the  pectoral  muscles  is 
required  (e.y..  Cheiroptera).  ^ 
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IV.  EPISTEENUM. 

Episternal  structures,  which  are  wanting  in  Fishes,  Dipnoans 
and  recent  Urodeles,  an  important  part  in  fossil  Amphibians 


Fi(i.  46. — Pector.\l  Arch  of  Various  Stegocephala  (from  the  ventral  side). 

After  H.  Credner. 

A,  Branchiosaurus,  x 3 ; B,  Pelosaiu’us  x 2 ; C,  Diseosaurus,  x 2 ; D,  Hylono- 
mus,  X 2 ; E,  Arehegosaiirus,  x about  JSjm,  episternurn  ; Cl,  clavicle  ; 
•V,  scapula  ; c,  coracoid  ; -s,  calcification  in  the  sternum  or  in  the  cartilage 
of  the  coracoid. 

and  primitive  Reptiles  (e.g.,  Stegocephala  and  Palteohatteria),  in 
whicli,  both  as  regards  form  and  structure,  they  bear  a great  re- 
semblance to  the  episternurn  of  certain  existing  Reptiles. 
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lu  the  Stegoccphala,  the  episternum  (“  interclavicle  ”)  consists 
of  a large  bony  plate,  situated  ventrally  to  the  sternum,  some  of 
the  various  forms  of  which, 


as  well  as  its  relation  to 
the  pectoral  arch  and  more 
particularly  to  the  clavi- 
cles, will  be  seen  by  refer- 
ence to  Fig.  46. 

The  episternum  of 
Palceohattcria  and  of  re- 
cent Lizards  and  Crocodiles 
is  essentially  similar  to 
that  of  the  Stegocephala 
(Figs.  44,  46,  and  47).  In 
Lacerta  and  Crocodilus  it 
arises,  from  before  back- 
Avards,as  a paired  structure, 
which  is  not  preformed  in 
cartilage.  An  episternum 
is  wanting  in  Chelonia  and 
Ophidia,  as  well  as  in 
Chamaeleo  and  Anguis. 

In  Birds  no  independent  elements  corresponding  to  this 
structure  can  be  recognised ; the  ligament  extending  between 
the  clavicles  and  the  sternal  keel,  the  periosteal  covering  of  the 

keel  which  is  continued  backward 


Fig.  47.— Pectoral  Arch  op  PALAioiiAT- 
TERiA  (from  the  ventral  side)  After 
Credner. 

S,  scapula  ; C,  coracoid  ; Cl,  clavicle ; Ejm, 
episternun. 


Fig.  47a. — Kpisterxum  ok  an* 
Embryo  Mole.  (After 
A.  Gotte). 


St,  sternum  ; e»',  central  por- 
tion and  e«",  lateral  por- 
tion of  the  episternum  ; 
I'l,  clavicle;  r.c,  ribs.  (Tlie 
figure  was  constructed 
from  two  consecutive  hori- 
zontal sections.) 


from  this  ligament,  and  the  median 
portion  of  the  fused  clavicles  when 
separately  ossified  (“  iuterclavicle  ”) 
may  possibly  have  something  to  do 
with  an  episternum  without  being 
exactly  homologous  with  it. 

The  origin  and  meaning  of  the 
mammalian  episternum,  which  is  pre- 
formed in  cartilage,  is  not  known ; it 
has  probably  no  direct  connection 
with  the  similarly-named  structure  in 
Reptiles,  but  apparently  agrees  with 
the  latter  at  any  rate  as  regards 
position  and  relations  in  the  embryo 
Mole  (Fig.  47a). 

In  Monotremcs  (Fig.  48)  and  certain 
Marsupials  a median  and  two  lateral 
portions  can  be  distinguished,  the 
latter  being  in  connection  with  the 
clavicles.  In  these  Marsupials  the 
median  portion  unites  with  the  ster- 
num, and  as  in  Monotremes,  becomes 
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ossified;  while  the  lateral  portions  remain  cartilaginous.  In 
other  Marsupials  various  stages  in  the  reduction  of  the°episternum 
are  met  with. 

Amongst  the  Placentalia  the  episternum  is  retained  in  the  most 
independent  condition  in  certain  South  American  Cavies  as  well  as 
in  the  Porcupine  and  other  Rodents  in  which  it  consists  of  a median 
and  two  lateral  pa,rts,  which  are,  however,  quite  independent  of  one 
another,  and  are  only  connected  by  ligaments.  The  median, 


Fir;. — 48. — Pectojul  Akch  of  OrnUhorhijnchus  paradoxna. 


m.8,  inanubi-ium  stenii  ; r’,  r",  c^,  fir.st,  second,  and  third  ril)s  ; .v<,  sternelira  ; sc, 
sca])ula  ; coracoid  (inetacoracoid)  ; e.  c,  epicoracoid  ; c/,  clavicle ; es’  nd 
es~,  episternum  {“  interclavicle”). 

cartilaginous  portion  is  closely  applied  to  the  sternum,  while  the 
lateral  portions  are  connected  with  the  clavicles. 

In  the  Sciuroinoi'jjhie  and  Myomorplim  the  epistemal  apjDaratus  is  still 
further  modified,  the  median  piece  having  disappeared  (or  mox'e  probably 
having  united  with  the  sternum),  wliile  the  small  lateral  jjieces  are  attached 
to  the  manubrium  and  in  the  Sciuromorpha*  articulate  with  the  clavicles. 
In  the  Lagomorplue  fibro-cartilaginous  lateral  ixortions  only  are  ixresent, 
extending  as  far  as  the  clavicles. 


V.  THE  SKULL. 

Introduction. 

The  question  as  to  the  primary  origin  of  the  skull  in  the 
Craniata  has  always  taken  a foremost  place  amongst  the  morpho- 
logical problems  relating  to  the  structure  of  Vertebrates.  Until 
past  the  middle  of  the  present  century  the  theory  which  held  the 
field  was  the  “ vertebral  theory  ” of  Goethe  and  Oken,  according  to 
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which  the  skull  consisted  of  a number  of  modified  vertebrae 
(“cranial  vertebrae”).  On  this  theory,  therefore,  the  skull  was 
regarded  as  a special  modification  of  the  anterior  part  of  the 
vertebral  column,  and  a large  number  of  facts  were  brought 
forward  in  support  of  it : even  when  morphological  science  had 
made  further  considerable  advances,  there  still  seemed  to  be  a 
certain  amount  of  justification  for  it. 

The  arguments  in  support  of  the  vertebral  theory  of  the  skull 
may  be  biiefly  stated  as  follows.  As  in  the  vertebral  column,  three 
stages  may  be  distinguished  in  the  skull,  ontogenetically  as  well  as 
phylogenetically:  viz.,  a mcnibvanous,  a cartilaginous,  and  a hony  stage 
(comp.  p.  3G).  There  is  thus  an  important  correspondence  between 
these  two  parts  of  the  ci’anio-spinal  axis,  and  this  is  further  em- 
phasized by  the  fact  that  the  notochord  always  extends  for  a certain 
distance  into  the  base  of  the  skull,  so  that  the  latter  is  developed  on 
the  same  skeletogenous  basis  as,  and  in  direct  continuation  of 
the  vertebral  axis.  ’ 


This  theory  depended  on  giving  an  exact  account  merely  of  the 
skeletogenous  elements  taking  part  in  the  formation  of  the  skull, 
and  for  a long  time  it  was  not  recognised  that  this  could  not 
possibly  lead  to  a true  interpretation  of  the  origin  of  the  verte- 
brate head  To  attempt  to  do  so  was  to  “ put  the  cart  before  the 
horse,  by  looking  upon  the  last  aequisition  of  the  head— its  skeleton 
as  the  leading  point  for  future  researches. 

It  was  only  very  gradually  ascertained  that  the  skull  has  never 
consisted  of  seg mentally  arranged  cartilaginous  portions,  either  in 
the  course  of  Its  ancestral  history  or  in  that  of  the  development  of 
the  individual.  In  the  occipital  region  alone  did  it  possibly  at  one 
time  possess  distinct  neural  arches,  owing  to  the  assimilation  of 
more  or  fewer  of  the  anterior  segments  of  the  trunk;  and  the 
\ lew  gradually  gained  ground  that  this  important  problem  could 
not  be  solved  merely  by  an  anatomical  and  embryological  analysis 
of  the  skeleton,  but  that  a number  of  other  part!  and  organs 
which  arise  _ much  earlier  must  also  be  taken  into  accmint 
and  their  origin  traced such  are,  the  sensory  organs,  brain  and 
cerebral  nerves,  cranial  muscles,  and  the  anterior  part  of  the 
alimentary  crunal  together  with  the  mouth  and  visceral  clefts. 

advance  was  thus  made,  and  the  problem  was 
oOrously  attacked  both  from  the  anatomical  and  embryoloo-ical 
sides;  and  many  of  the  researches  which  resulted  have  bec°ome 

^ve  1.1”,  here  to 

lien  obtained,  and 

about  remains  to  be  elucidated  in  this  eoiniilex  question, 

abjut  many  details  of  which  numerous  differences  of  opinion  still 
tk,n  of  knowledge  of  the  development  and  distribn- 

of  ctnllU  ““''"V®  n necessary  preliminary  to  the  study 

? of  in  a subsequent 
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The  portion  of  the  skull  which  is  situated  along  the  main- 
axis  in  continuation  of  the  vertebral  column  and  which  encloses- 
the  brain  is  known  as  the  'brain-hox  or  cranium,  and  is  j^rimarily 
composed  of  cartilage.  A series  of  cartilaginous  arches  arise  in 
serial  order  on  the  ventral  side  of  the  brain-case ; these  encircle 
the  anterior  part  of  the  alimentary  tract  like  hoops,  incomplete- 
dorsally,  and  are  distinguished  from  the  cranial  region  as  the 
visceral  skeleton.  The  latter  stands  in  important  relation  to 
branchial  respiration,  inasmuch  as  each  consecutive  pair  of  arches- 
en closes  a jDassage  (gill-slit),  communicating  between  the  pharynx 
and  the  exterior ; this  is  lined  by  endoderin,  and  through  it  the 
water  passes  in  branchiate  forms.  The  foremost  visceral  arch 
bounds  the  aperture  of  the  mouth,  thiis  forming  a firm  sujsport 
for  it,  and  giving  rise  to  the  skeleton  of  the  yaws;  the  other  arches- 
function  primarily  as  gill-siqjports.  Both  cranial  and  visceral 
portions  may  become  ossified  later. 

Before  the  cartilaginous  skeleton  begins  to  be  formed  in  the 
embryo,  the  greater  part  of  the  head  consists  of  a soft,  mesoblastic 
formative  tissue,  which  gives  rise  to  a membranous  capsule  around 
the  brain  : the  individual  cerebral  nerves  can  already  be  plainly 
distinguished  (membranous  stage,  comp.  p.  36).  The  three  organs 
of  the  higher  senses  also  appear  at  a very  early  stage ; and  these,  in 
the  course  of  further  development,  come  to  be  situated  in  definite 
bays  or  cavities  within  the  head,  and  thus  are  of  extreme  im- 
portance in  modifying  the  configuration  of  the  skeletal  structures- 
which  are  formed  around  them  later. 

In  the  embryos  of  lower  Vertebrates  (e.g.,  Elasmobranchs) 
more  or  less  of  the  mesoblastic  tissue  which  surrounds,  isolates, 
and  supports  these  organs  becomes  divided  up  rnetamerically  into 
segments,  so  that  a segmentation  into  somites  (protoveolehrce)  occurs 
in  the  posterior  part  of  the  head  as  Avell  as  in  the  body  (comp, 
pp.  8 and  36).  The  mesoblastic  segments  of  the  head,  some  of 
which  enclose  cavities  arising  from  the  coelome  (or  the  pre-oral 
gut),  consist  of  a tissue  from  which  later  become  differentiated 
all  the  siapporting  sto'ueiurcs — including,  of  course,  the  skull,  as 
well  as  the  muscles  (myotomes).  Without  going  into  further 
details  as  to  the  number  and  fate  of  these  segments  and  their 
relation  to  the  cerebral  nerves,  concerning  which  there  is  con- 
siderable diversity  of  opinion,  it  may  be  stated  that  the  primary 
segmentation  of  the  part  of  the  head  posterior  to  the  auditory 
organ,  in  the  region  of  the  vagus  and  hypoglossal  nerves,  is  at  any 
rate  more  pronounced  than  that  of  the  more  anterior  part  of  the 
head. 

The  relations  of  the  visceral  to  the  cranial  skeleton,  and  those 
of  both  to  the  primary  segmentation  of  the  head,  must  also  be 
taken  into  consideration.  Both  cranial  and  visceral  regions  must 
have  been  originally  segmented,  and  each  myotome  at  one  time 
included  a ventral  iDortion  (lateral  plate  of  the  mesoblast) 
which  enclosed  a corresiDonding  section  of  the  cranial  coelome,  or 
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“ head-cavity.”  Later,  however,  the  visceral  region  became  re- 
latively shifted  to  a greater  or  less  degree,  especially  in  the  anterior 
part  of  the  head,  so  that  its  segments  no  longer  corresponded  to 
those  of  the  cranial  region.  Thus  we  find  that  the  segmentation  of 
the  nei'vous,  vmscular,  and  visceral  parts  of  the  head  do  not  correspond 
with  one  another.  But  although  the  segmentation  of  the  visceral 
portion  of  the  skull  has  in  the  course  of  phylogeny  reached  a certain 
degree  of  independence,  and  the  cranial  portion  alone  can  be  looked 
upon  as  being  made  up  of  a series  of  somites,  it  must  not  be 
forgotten  that  mesoblastic  tissue  extends  from  the  head-somites 
into  the  visceral  arches,  each  of  the  two  anterior  of  which  still 
contain  a coelomic  cavity  at  a certain  period  of  development. 


a. 


Brain-Case  (Cranium). 


The  first  cartilaginous  rudiments  apiaear  in  the  primitively 
membranous  skull-tube  in  the  form  of  a pair  of  rods,  the  trabeculm 
cranii.  These  lie  along  the  base  of  the  brain,  their  posterior 
parts  embracing  the  notochord  ; they  are  thus  divisible  into  pro- 
chordal (anterior)  and  parachordal 
(posterior)  regions  (Fig.  49),  which 
may  be  continuous  with  one  another. 

The  parachordals  soon  unite  to  form  a 
basilar  plate,  which  grows  round  the 
notochord  dorsally  and  ventrally,  and 
thus  early  forms  a solid  support  for 
the  hinder  part  of  the  brain.  The 
slender  trabeculse  project  forwards  and 
enclose  a space,  which  may  be  spoken 
of  as  the  primitive  pituitary  space 
(Fig.  49). 

These  structures  may  irndergo 
further  development  in  many  dif- 
ferent ways  in  the  various  Vertebrate 
groups : the  trabeculae  may  become 
completely  united  with  one  another 
in  the  median  line  (Fig.  .50,  A),  and 
the  connective-tissue  of  the  oral 
mucous  membrane  may  become  ossi- 
fied to  form  a parasphenoid  (B).  In 
other  cases,  the  trabeculae  may  become 
compressed  and  partly  aborted  owing 
to  the  great  development  of  the  eyes ; 
this  obtains,  e.g.,  in  certain  Reptiles 
and  m all  Birds,  in  which  a fibro-cartilaginous  interorbital  septum 
appears  in  their  place  (C). 

In  most  cases  a median  cartilaginous  bar  (.intertrabecula)  is 
formed  between  the  trabeculae  in  front,  fusing  with  them,  and 


C,  notochord ; PE,  separate 
parachordal  elements  ; 7'r, 
trabecuhe  cranii  ( PP,  pitui- 
tary space;  K,  A,  0,  the 
three  sense-capsules  (olfac- 
tory, optic,  and  auditory). 
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formiog  the  ethmo-nasal  septum  (Fig.  51).  It  occasionally  projects 
forwards  to  form  a rostrum  (Figs.  55,  56,  and  58). 


07fj^ 


Fio.  50. — Diagr.vsimatic  Transverse  Sections  of  the  Head  in  Embryo — 
(A)  Sturgeons,  Elasmohranciis,  Anurans,  and  Mammals  ; (B)  Urodeles 
and  Snakes  ; (C)  Certain  Teleosteans,  Lizards,  Crocodiles,  Chelonians, 
and  Birds. 

7V,  trabecuhu  cranii  ; G,  brain  ; A,  eye.s  ; P.<t,  parasplienoid  ; IS,  interobital 
septum  ; F,  frontal ; OIJ\  olfactory  nerve. 
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We  must  now  further  follow  the  processes  of  growth,  start- 
from  the  primary  condition  described  above,  in  which 

the  trabeculae  have  united  togetlier  in 
the  middle  line.  The  cartilaginous 
basal  plate  now  comes  into  relations 
with  the  olfactory,  optic,  and  auditory 
organs  (Fig.  51),  around  which  carti- 
laginous cai^sules  are  formed.  Thus  an 
olfactory,  an  orbital,  and  an  auditory 
region  are  early  differentiated. 

The  olfactory  and  auditory  capsules, 
especially  in  higher  types,  then  become 
more  and  more  drawn  in  to  the  skull 
proper,  and  the  lateral  edges  of  the 
basal  plate  begin  to  g]-ow  upwards 
round  the  brain  on  both  sides,  eventu- 
ally extending  even  to  the  dorsal  region. 
Thus  a continuous  cartilaginous  capsule 
is  formed,  such  as  pex’sists  throughout 
life  in  Elasmobranchs  for  example. 
But  in  by  far  the  greater  number  of 
Vertebrates,  the  cartilage  does  not  play 
so  great  a part,  and  is,  as  a rule,  con- 
fined to  the  base  and  lower  parts  of 
the  sides  of  the  skull  and  to  the  sense- 
capsules,  except  in  the  occipital  region, 
where  it  always  extends  over  the  brain. 
The  rest  of  the  skull,  more  particularly 
the  roof,  becomes  directly  converted 
from  membrane  into  bone.  At  the 
same  time,  bones  may  become  differ- 
entiated in  connection  with  the  primary 


Fig.  51. — L.\ter  Stage  in  the 
Development  of  the  Prim- 
ordial Skull. 

C,  notochord  ; B,  basilar  plate ; 
Tr,  trabecula,  which  has 
united  with  its  fellow  in 
front  of  the  pituitary  space 
to  form  the  ethmo-nasal  sep- 
tum ((S’) ; Ct,  cornu  trabe- 
culte,  and  AF,  antorbital 
process,  which  support  the 
olfactory  organ  (NK)  in 
front  and  behind ; 01,  for- 
amina for  exit  of  the  olfac- 
tory nerves  from  the  crani- 
um'; PF,  postoi’bital  pro- 
cess of  trabecula  ; A,  eye  ; 
0,  auditory  organ. 
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cartilaginous  skull  (chondrocranium)  itself,  which  is  thus  more  or 
less  completely  replaced  by  an  osteocranmm.  In  general  the 
higher  the  systematic  position  of  the  animal,  the  less  extensive 
are  the  cartilaginous  constituents  and  the  more  important  the 
bony. 


T).  The  Visceral  Skeleton. 

The  primarily  cartilaginous  visceral  arches  encircle  the  anterior 
section  of  the  alimentary  canal,  lying  embedded  in  the  inner  part 
of  the  walls  of  the  throat  (Figs.  52  and  53)  and  usually  becoming 
ossified  latter.  They  are  always  present  in  a greater  number  (up 
to  as  many  as  nine)  in  forms  which 
possess  gills  than  in  higher  types 
(Amniota),  in  which  they  gradiiall}'-  be- 
come reduced,  and  may  undergo  a 
change  of  function,  certain  of  them  in 
some  cases  taking  on  definite  relations 
to  the  auditory  organ  and  larynx. 

The  most  anterior  arch,  serving  as 
a support  for  the  walls  of  the  mouth 
and  receiving  its  nerve  supply  from  the 
trigeminal,  arises  first,  and  is  distin- 
guished from  the  other  or  post-oral 
arches  as  the  mandibular  arch.  The 
post-oral  arches  only  function  as  gill- 
bearers  in  the  Anainnia ; even  the  first 
of  these,  the  hyoid,  which  is  supplied  by 
the  facial  nerve,  becomes  modified  from 
those  lying  behind  it:  the  latter,  or 
hromchial  arches  proper,  are  supplied  by 
the  glossopharyngeal  and  vagus.  All 
the  visceral  arches  must  originally,  how- 
ever, have  borne  gills. 

Primarily  unsegmented,  the  indi- 
vidual post-oral  arches  may  become 
broken  up  into  as  many  as  four  pieces, 
of  which  the  uppermost  becomes  inserted 
under  the  base  of  the  skull,  while  the 
lowermost  is  connected  with  its  fellow  by  a median  basal  piece 
(Fig.  52). 

The  mandibular  arch  also  undergoes  segmentation,  and  becomes 
divided  into  a short  proximal  piece,  the  quadrate,  and  a long  distal 
mandihulcir  ov  Mechel  s cartilage  (Fig.  53).  The  quadrate  grows 
out  anteriorly  into  a process,  the  palatoq^uadrate  or  p>aiatopterygoid, 
which  usually  becomes  fixed  to  the  base  of  the  skull  and  forms 
the  primary  upper  jaw,  Meckel’s  cartilage  forming  the  lower  jaw. 


Development  of  the 
Primordial  Skull. 

C,  notodiord  ; Tr,  trabeculie, 
which  enclose  the  brain 
(C)  veiitrally  and  later- 
all}^;  0,  auditory  capsule ; 
RH,  the  cavity  of  the 
pharynx,  enclosed  liy  the 
visceral  skeleton  ; 1 to  4, 
the  individual  elements 
composing  each  visceral 
arch,  which  is  united 
with  its  fellow  by  a basal 
piece  [Cp). 
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The  quadrate,  which  serves  as  a support  (susjoensorium)  for  the 
jaws,  either  remains  separated  from  the  skull  by  an  articulation — 
that  is,  is  only  united  to  it  by  connective-tissue — or  it  forms  one 
mass  Avith  it. 

It  The  hyoid — which  has  always  close  relations  with  the  man- 
dibular arch,  and  may  also  take  part  in  its  suspensorial  apparatus  ^ 


Fi(i.  W. — Di.vcu.vmm.atic  FiouuI':  or  ax  Faiiiryonic  FivAsmouk-VNcii  Skull, 
■SUOWINCi  TIIK  Kkl.atiuns  of  tjik  Vlscichal  Akuiies. 

X,  nasal  caj)sule  ; -I , eye  ; 0,  auditory  capsule  ; Tr,  trabecula  ; Q and  PQ, 
(juadrate  and  ))alato))terygoid,  wldcli  ai’e  bound  to  the  trabecula  by  ligaments 
at  t;  M.  Meckel’s  cartilage;  !j,  labial  cartilages;  II,  hyomaiulibidar  ; K, 
hyoid  arch  ; a to  c,  branchial  arches,  between  which  the  gill-clefts  {I  to  V)  are 
seen  ; S,  .spiracle  ; C,  notochord  ; h,  vertebnu,  hr,  brain  ; ■'ip.r,  spinal  cord. 


— becomes  divided,  as  do  the  true  branchial  arches,  into  a number 
of  segments,  the  upper  of  Avhich  in  many  Fishes  is  distinguished  as 
the  hyomandihnlar  (Fig.  53),  from  which  a symplectic  may  be 
differentiated  distally.  In  the  mid-ventral  line  there  is  a basi-hyal 
connecting  the  arch  of  either  side,  and  embedded  in  the  tongue 
(cntoglossal  or  ylossoliyal). 


c.  The  Bones  of  the  Skull. 

It  is  usual  and  convenient  to  distinguish  in  the  entire  skeleton 
between  the  bones  Avhich  are  formed  in  connection  with  cartilage, 
and  eventually  replace  it  to  a greater  or  less  extent  {cartilage 

^ It  appears  to  be  probable  that  the  hyomandibular  and  hyoid  proper  are 
separate  in  origin  : possibly  also  the  Kpiracidar  cartilage  (]5.  75),  often  hjoked 
upon  as  repi'esenting  fused  mandibular  rays,  represents  the  I'emains  of  aji  entire 
arch  ; and  Dohrn  maintains  that  Meckel’s  cartilage  and  the  jJulatoquadrate  each 
represents  a di.stinct  arch. 
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bo7ics),  and  those  which  arise  in  connective-tissue,  entirely  inde- 
pendent of  cartilage  {membrane-  or  investing -bones).  But  it  must 
he  boi'ne  in  mind  that  there  is  no  hard  and  fast  line  between 
these,  and  that  histologically  they  are  indistinguishable  from  one 
another.  Bone  is  always  phylogenetically  formed  outside  the 
cartilage,  and  its  first  appearance  within  cartilage  (as  in  the 
Amniota  more  particularly)  is  to  be  looked  upon  as  a secondary 
<;ondition.'  Again,  in  other  cases  {e.g.,  in  parts  of  the  skeleton  of 
Elasmobranchs),  true  bones  are  not  formed  at  all,  there  being 
only  a calcareous  incrustation  of  the  cartilage  (calcified  cartilage). 

The  bones  arising  in  the  membranous  regions  of  the  skull 
(including  the  perichondrium)  primarily  come  under  the  category 
of  the  dermal  skeleton  and,  as  already  mentioned  with  regard  to 
the  latter,  are  to  be  looked  upon  as  originating  phylogenetically 
in  connection  with  dermal  denticles  (p.  30).  In  this  manner 
the  bones  of  the  mouth-cavity  of  Fishes  and  Amphibians,  for 
instance,  still  arise  : it  must  be  remembered  that  the  epithelium 
of  the  oral  cavity  is  formed  by  invagination  of  the  outer  skin. 

Such  a mode  of  origin  of  the  first  skull-bones  appears  to  be  the 
oldest  and  most  primitive,  and  it  is  most  apparent  in  the  lower 
Vertebrates  (Fishes).  This  holds  good  also  for  those  cases  in  which 
bones  are  formed  merely  by  deposition  of  calcareous  matter  directly 
in  the  connective-tissue  layer,  without  giving  rise  to  tooth-struc- 
tures {e.g.,  all  investing  bones) — probably  owing  to  an  abbrevia- 
tion of  development. 

The  following  lists  give  a summary  of  the  most  important 
bones  according  to  their  different  relations  to  the  skull. 

I.  Investing  Bones  of  the  Mouth-Cavity  (partly  lying 
within  it,  partly  bounding  it  on  the  outer  side). 

1.  Pamsphenoid. 

2.  Vomer. 

3.  Premaxilla. 

4.  Maxilla. 

5.  Jugal. 

6.  Quadratojugal  (in  part). 

7.  Bentary. 


' The  different  varietie.s  of  ossification  may  be  conveniently  classified  as 
follows  : — 

I-  “ Membrane  Bones.”  («)  7J>eraios<o«es— ossifications  of  the  dermis  ; (h) 
jxirottOHfiii — ossifications  of  the  Ifjoser  subcutaneous  tissue  ; (c)  ectostostn — ossifi- 
cations of  the  inner  layer  of  the  fibi-ous  investment  (pericliondrium)  of  a tract  of 
cartilage : these  may  extend  into  the  latter,  replacing  it,  and  tlius  give  rise 
secondarily  to 

II-  “ Cartilage  Bones,”  (andodosex). 

It  may,  however,  liappen  that  in  the  course  of  generations  an  investing  bone 
may  take  the  jjlaee  of  a cartilage  bone,  and  the  formation  of  cartilage  be  entirely 
suppressed  and  not  repeated  again  ontogenetieally. 
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8.  Splenial. 

9.  Angular. 

O 

10.  Suf)ra -angular. 

11.  Coronoid. 

12.  Palatine. 

13.  Pterygoid. 

II.  Investing  Bones  of  the  Outer  Surface  (enumerated 
from  before  backwards). 

1.  Nasal. 

2.  Lachrymal. 

3.  Frontal. 

4.  Prefrontal  (of  Reptiles). 

5.  Postfrontal  or  postorbital. 

0.  Supraorbital. 

7.  Parietal. 

8.  Temporal  or  squamosal. 

9.  Supraoccipital  (in  part). 


III.  “ Cartilage  Bones.” 

1.  Basioccipital  ppgggj-jj.  Amniota  (forming  the  base 

i Bas.spheno.cl  I 

3.  Presphenoid  ) ' 

4.  Exoccipital  (and  supraoccipital,  in  part). 

5.  Pro-,  epi-,  and  opisthotic,  also  (in  Teleostei)  sphenotic  and 

pterotic  (forming  the  bony  auditory  capsule). 

Ali^*^°  } developed  in  the  trabecular  region. 

8.  Ethmoid,  together  with  the  rest  of  the  skeleton  of  the  nose 

(turbinals,  &c.). 

9.  Quadrate. 

10.  Articular. 

11.  Visceral  skeleton  (in  part). 


Anatomy  of  the  Skull. 

Special  Paet. 

A.  Fishes.^ 

In  the  Cyclostomata,  the  skull  is  developed  essentially  in  the 
manner  already  described.  Later,  however,  it  shows  many  special 
jDeculiarities,  imobably  in  consequence  of  the  suctorial  (Petromyzon) 

1 In  Amphioxus  (Acrania)  there  is  no  cranial  skeleton,  and  tlie  elastic  non- 
cartilaginous  rods  which  support  the  Ijranchiul  apparatus  are  not  coinparalde  with 
the  visceral  skeleton  of  the  Oraniata. 
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or  parasitic  (Myxine)  mode  of  life  of  these  animals  : the  most 
important  of  these  is  the  absence  of  jaws  such  as  are  present  in  all 
other  Craniata;  for  this  reason  these  forms  are  spoken  of  as 
Cyclostomata  to  distinguish  them  from  the  other  craniate  Verte- 
brates or  Crnathostomata.  Instead  of  the  jaw-apparatus,  which 
has  doubtless  become  degenerated,  and  indications  of  which  as  well 
as  of  the  hyoid  can  apparently  still  be  seen  (Fig.  54,  sb.oc.a, 
2).  lat.c,  sty.G,  cn.c),  a number  of  cartilages  are  present  supporting 
the  anterior  part  of  the  head.  In  the  adult  Lamprey,  for  instance, 
the  suctorial  mouth  is  supported  by  various  skeletal  elements, 
amongst  which  may  be  mentioned  a ring-like  cartilage  around  the 
margin  of  the  dome-shaped  oral  funnel,  between  the  dorsal  side 


l.C.3 


Fig.  54.  8kull  with  Braxciiial  Basket  of  Petromyzon  marinuis. 

(After  W.  K.  Parker.) 

Tlie  cartilaginous  parts  are  dotted.  a.d.c.  anterior  dorsal  cartilage;  a.lai.c. 
anterior  lateral  cartilage;  an.c.  annular  cartilage;  au.c.  auditoiy  capsule  ; 

If  ^ bars  of  branchial  basket;  hr. cl.  1 — 7,  external  branchial 

clefts;  cn.c.  cornual  cartilage;  cr.r.  cranial  roof;  l.c.  1 — J^,  longitudinal 
liars  of  branchial  basket ; hj.c.  lingual  cartilage ; m.v.c.  median  ventral 
cartilage  ; na.ap.  nasal  aperture ; nch.  notochord  ; Nv.  2,  foramen  for  optic 
nerve;  olj.c.  olfactory  capsule;  joc.c.  pericardial  cartilage;  p.d.c.  posterior 
dorsal  cartilage;  p.lai.c.  posterior  latei’al  cartilage;  sb.oc.a.  sub-ocular 
arch  ; st.2).  styloid  process  ; sty.c.  stj’liform  cartilage  ; t.  teeth. 


of  which  and  the  brain-case  are  a couple  of  large  overlappino- 
^rtilages  : the  tongue  is  supported  by  a long,  lingual  cartilage. 
On  the  mucous  membrane  covering  the  annular  and  lingual 
c-artilages  inside  the  oral  funnel  are  a number  of  horny  teeth. 
The  fibro-cartilaginous  olfactory  sac  is  unixiirecl,  and'  opens 
on  the  dorsal  surface  of  the  head  by  a single  nostril.  The 
visceral  skeleton  also  shows  many  exceptional  peculiarities:  it 
consists  of  a delicate  cartilaginous  basket-work  (Fig.  54),  and  has 
a very  superficial  position;  we_  may -accordingly  speak  of  the 
unsegmented  cartilages  of  which  it.  is  composed  as  “ extra- 
branchicds  ” to  distinguish  them  from  the  true  branchial  arches  of 
the  Lrnathostomata. 
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In  Myxine,  the  extra-branchial  basket-work  is  quite  rudimentary  and 
amongst  other  peculiarities,  the  long  nasal  passage  is  surrounded  by 
cartilaginous  rings,  and  communicates  with  the  pharynx  by  a naso-palatine 
duct. 

No  fossil  Cyclostomes  are  known,  but  Pakeosjwndylus  gunni  from  the  Old 
Red  Sandstone  of  Caithness  possibly  shows  affinities  with  this  group. 

In  the  Elasmobranchii  and  Holocephali  the  skull  presents 
the  simplest  conditious  and  most  easily  coinjorehensihle  relations, 
so  that  it  may  be  taken  as  the  starting-point  for  the  study  of  the 
skull  of  all  other  Vertebrates.  It  consists  of  a simple  carti- 
laginous and  fibrous  capsule  either  more  or  less  immovably  united 
with  the  vertebral  column  (Squalidoe,)  or  connected  with  it  by 
articulations  only  (Raiidae  and  Holocephali). 


Fiti.  o."). — Skull  ok  DotiKisn  {SnjUlmn  cavicii/a).  (Fi-om  T.  J.  Parker’s 
Biology,  after  W.  K.  Parker.) 

Cr.  cranium  ; aiid.ryj.  auditoiy  cap.sule  ; or.  orbit;  olf.cp.  olfactory  capsule;  r. 
i-o.stral  cartilage  ; hy.m.  hyomandibular  ; ■((p.y.  palatorpiadrate  ; l.j.  Meckel’.s 
cartilage  ; hy.rn.  ventral  part  of  liyoid  arch  ; Ig.tg'.  ligaments  supporting  the 
jaws  from  the  cranium;  Ih.  labial  cartilage;  hr. a.  1 — 5,  branchial  arches; 
hr.r,  br.r',  branchial  raysarising  from  the  hj'oid  and  branchial  arches  ; ex. 
hr.  extra-brancliial  cartilages  ; Nv.  2,  optic  foramen  ; Nv.  5,  foramen  for 
trigeminal  and  facial  nerves.  (Tlie  spiracular  cartilage  is  not  indicated.) 

True  bones  are  never  developed,  the  cartilage  being  merely 
calcified.  In  Elasmobranchs  the  palatoquadrate  and  lower  jaw 
are  provided  with  numerous  teeth,  arranged  in  rows ; in  the 
Holocephali,  the  teeth  have  the  form  of  strong  and  sharp-edged 
plates. 

The  nasal  region  is  often  elongated  to  form  a long  cut-water  or 
rostrum  (intertrabecula),  at  the  proximal  end  of  which  the  olfactory 
sacs  are  situated,  their  cavities  being  separated  from  the  cranial 
cavity  by  a fibrous  membrane  (“  lamina  cribrosa”).  Behind  them 
are  the  deep  orbital  hollows,  which  are  bounded  posteriorly  by  the 
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strongly  projecting  auditory  regions.  LcCbial  cartilages  are  present 
in  connection  Avitli  the  lips,  nostrils,  and  jaws  (Figs.  55,  56,  and  57). 

The  palatoquadrate  is  usually  only  united  to  the  basis  cranii  by 
ligaments,  but  in  the  Chimseroicls  (Fig.  57)  it  becomes  immovably 
fused  with  it,  whence  their  name  of  Holocephali.  In  the  Sharks 
and  Kays  the  palatoquadrate  is  not  directly  united  to  the  skull,  but 
is  suspended  from  it  by  the  hyomanclihular  (p.  70,  Figs.  55  and  56). 
In  this  case  the  skull  may  be  described  as  liyostylic,  to  distinguish 
it  from  autostylic  skulls,  in  which  the  hyoid  takes  no  part  in 
the  suspensorium  (Fig.  57).  A cleft,  the  spiracle,  is  situated  in 
front  of  the  hyomandibular,  and  leads  into  the  cavity  of  the  mouth ; 
on  its  anterior  wall  may  be  found  remnants  of  the  embryonic 
spiracular  gill,  beneath  which  is  a spircccuktr  cartilage  (comp.  p.  70, 
and  Fig.  56). 

The  branchial  skeleton  is  always  well  developed,  and  owing 
to  secondary  segmentation  and  fusion  of  its  parts  exhibits  char- 


Fig.  56. — Skull  of  Skate.  (After  W.  K.  Parker.) 


An,  auditory  capsule  ; Na,  olfactory  capsule  ; P.N,  prenasal  rostrum  ; Pl.Pt,  Qu, 
palaUxjuadrate  bar;  Mck,  mandibular  (Meckel’s)  cartilage;  M.Pt,  spiracular 
cartilage  ; H.M,  hyomandibular  ; i.h.l,  interliyal  ligament  ; E.Hy,  epihj'al ; 
C.Hy,  ceratohj'al ; H.Hy,  hypohyal  ; II.  Br,  1,  2,  5,  hypobranchials  ; above 
them  are  .seen  the  cerato-,  epi-,  and  pharyngo-branchials  ; II,  optic  foramen  ; 
V,  foramen  for  trigeminal  and  facial  nerves.  (The  branchial  rays  and  extra- 
branchials  are  not  indicated. ) 

acteristic  modifications.  On  the  outer  circumference  of  each 
branchial  arch,  as  well  as  on  the  hyomandibular  and  hyoid,  radially- 
arranged  cartilaginous  rays  are  situated,  which  serve  as  supports 
for  the  gill-sa<;s  (Fig.  .55).  Externally  to  these  rays  small  rod-like 
“ extra-branchial  ” cartilages  are  present. 

In  nearly  all  Elasrnobranchs  the  gill-slits  open  freely  on  to 
the  surface  of  the  body,  but  in  Chlamydoselache  and  the  Holo- 
cephali a fold  of  .skin  arising  from  the  hinder  border  of  the 
hyomandibular  overlies  them.  This  is  the  first  indication  of  a gill- 
■COVC1  01  opevculwni,  such  as  is  pi’esent  in  Teleosts  and  Ganoids. 
Amongst  the  G-anoids,  the  lowest  condition  is  met  with  in 
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those  forms  in  which  the  hyaline  primordial  skull,  immovably  fixed 
to  the  vertebral  column,  is  still  retained  (Fig.  58).  These  forms 
are  spoken  of  as  Cartilaginous  Ganoids.  As  in  Elasmobranchs, 
the  cranial  cavity  readies  forwards  to  the  ethmoidal  region,  but  is 
separated  from  the  latter  by  cartilage.  The  appearance  of  definite 
hones,  however,  divides  them  sharply  off  from  tlie  Elasmobranchs, 
and  proves  their  skull  to  be  at  a much  higher  stage  of  develojD- 
inent.  These  bones  have  the  form  of  richly  sculptured  plates  and 
shields,  and  are  developed  partly  from  the  mucous  membrane 
lining  the  mouth  and  covering  the  visceral  skeleton,  and  partly 
from  the  skin  covering  the  roof  of  the  skull.  In  the  first-named 


Fjc.  57. — .Ski.’li.  ok  Chlmn'ra  monutrom,  L.vtehal  View.  (From 
Parker  uiul  Haswell’s  Zoolo/jy,  after  Hubrecht.) 

n.K.c.  po.sition  of  anterior  semicircular  canal;  r.liy.  ceratohyal  ; ep.hy.  epi- 
hj'al  ; fr.d.  frontal  clasjier  ; h.H.c.  position  of  horizontal  semicircular  canal ; 
I.O..S.  interorbital  sejjtmn  ; Ih.  1,  lb.  2,  lb.  3,  lalhal  cartilages;  AIclc.C. 
mandible  ; Xv.  2,  optic  foramen  ; Nv.  10,  vagus  foramen  ; olf.i'p.  olfactorj' 
cajjsule  ; op.r.  opercular  rays;  pal.qu.  palatocjuadrate  ; pli.hy.  pharyngo- 
hj’al ; j).s.c.  position  of  posterior  semicircidar  canal;  qu.  quadrate  region; 
r.  rostrum. 


region  a narrow  parasphenoid  forms  a roof  to  the  oral  cavity 
and  extends  for  some  distance  along  the  ventral  side  of  the' 
vertebral  column.  Ali-  and  orbito-sphenoids  are  j^resent  in 
the  walls  of  the  brain-case.  The  operculum  is  more  pronounced 
than  in  the  Holocephali,  and  is  also  supported  by  bones.  The 
whole  palato-mandibular  apparatus,  which  is  comparatively  small 
and  in  connection  with  which  bones  are  formed,  is  connected  very 
loosely  with  the  skull  by  means  of  a hyomandibular  and  sym- 
plectic,  as  well  as  by  ligaments  (Fig.  58). 

The  dermal  skeleton  attains  a much  more  considerable  develop- 
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ment  in  a second  group  of  tliese  Fishes — the  Bony  Ganoids — 
and  gives  rise  to  a dense  armour  composed  of  numerous  bones 
lying  on  the  roof  and  extending  into  all  parts  of  the  skull  and 
jaws  (Fig.  59j.  The  cartilage  thus  becomes  reduced  ; it  is,  however, 
largely  retained  in  Amia.  The  opercular  bones  are  more  highly 
developed  than  in  cartilaginous  Ganoids,  and  consist  of  an  oper- 
culum, a preoperculum,  a suboperculum,  and  an  interoperculum. 

If  all  the  membrane  bones  are  removed  and  the  cranium  separated  from 
the  vertebral  elements  which  are  fused  with  it,  a surprising  similarity  will  be 
seen  between  the  skull  of  Polypterus  and  that  of  Elasmobranchs — more  par- 
ticularly that  of  Chlamydoselache  and  Notidanus.  On  the  other  hand,  the  chon- 
drocranium  of  Polypterus  shows  certain  resemblances  to  that  of  tlie  Amiihibia. 


Fio.  58. — Cr.vxial  Skeleton  of  Sturgeon  (Adpenser)  after  Removal  of  the 

Exoskeletal  Parts. 

ir.S',  verteVmal  column;  SpN,  apertures  for  spinal  nerves  ; Psp,  neural  spines; 
Ot,  neural  arches  ; C,  notochord;  GK,  auditory  capsule;  PF,  AF,  postor- 
bital and  antorbital  processes  ; Orb,  orbit ; II,  optic  foramen  ; x,  vagus 
foramen  ; Na,  nasal  cavity  ; R,  rostrum  ; *,  prominent  ridge  on  the  basis 
crann  ; P«, /V  Pa",  parasphenoid  ; PQ,  palatoquadrate  ; Qu,  quadrate  ; Md, 
mandible  ; Dt,  dentary  ; Ar,  articular  ; Hm,  liyomandibular  ; Sy,  symplectic  ; 
III,  interhyal ; hy,  hyoid  ; / to  F,  first  to  fifth  bi-anchial  arches,  witli  tlieir 
segments— the  double  pharyngo-branchial  (a),  the  epibranchial  (b)  tlie  cerato- 
branchial  (c),  and  the  hypobranchial  (d) ; Cop,  basal  elements  of  the  visceral 
skeleton  ; Ri,  ribs. 


The  branchial  skeleton  in  Ganoids  consists  of  four  or  five  more 
or  less  strongly  ossified  gill-arches,  decreasing  in  size  antero- 
posteriorly  (Fig.  58) ; and  in  bony  Ganoids  the  surface  which  looks 
towards  the  throat  is  beset  with  teeth. 

Tlie  Ganoidei  are  of  special  interest,  as  they,  with  the  Elasmobranchii, 
comstitute  the  entire  Fish-fauna  through  the  Silurian,  Devonian,  and  Carbo- 
niferous  periods,  and  as  the  Teleostei  which  appear  later,  are  doubtless  derived 
tr.mi  them  I hey  also  show  connection  with  tlie  Dipnoi  and  with  the  oldest 
Amphibia  from  the  Carboniferous  and  Trias  {Ganucephalu,  Skijucephaln). 

In  the  Teleostei,  the  skull  presents  a large  amount  of  varia- 
tion ; its  ground-plan,  however,  may  always  be  derived  from  that 
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of  the  bony  Ganoids,  as  is  best  seen  by  a comparison  of  the 
Siluroids  with  Amia.  On  the  other  band,  no  relations  ■with  the 

Amphibia  are  observable, 
and  Ave  must  consider  the 
Avhole  group  of  the  bony 
Fishes  as  a side  branch  of 
the  piscine  phylum. 

Much  of  the  cartilagin- 
ous primordial  skull  persists 
in  most  Teleostei  ; the 
cranial  cavity  may  either 
reach  betAveen  the  eyes  as 
far  as  the  ethmoidal  region, 
or  at  may  become  narroAved 
and  arrested  in  the  orbital 
region  (Fig.  50,  C),  in 
Avbicb  ali-,  orbito-,  and 
basi-spbenoid  ossifications 
may  occur  (Fig.  Gl).  The 
olfactory  oigans,  as  in  most 
other  Fishes,  consist  of  tAvo 
sacs  lying  in  the  cartilage  of 
the  ethmoidal  region. 

The  ]Dalatoquadrate  bar 
becomes  differentiated  into 
a roAv  of  bony  plates — 
the  quadrate,  meso-  and 
metapterygoid , pterygoid, 
and  palatine.  The  audi- 
tory capsule  ossifies  from 
five  centres  (see  p.  72), 
and  in  the  occipital  region, 
as  Avell  as  on  the  dor- 
sal surface  of  the  skull, 
numerous  bones  ai’e  de- 
veloped, for  details  of  Avbicb 
the  reader  is  referred  to 


Frti.  59. — ok  J^ohjpleriis  bichir  kkom 
THK  Doksal  Sidk. 

Pmx,  preinaxilla  ; Na,  external  noKtril  ; N, 
na.sal ; Sb,  Sb‘,  aiiterior  and  posterior 
suborl)ital ; Orb,  orbit  ; M,  maxilla ; 
Sj},  spiracular  bones ; PO,  preopercu- 
lum (?) ; SO,  suboperculum  ; Op,  oper- 
culum ; F,  frontal ; P,  parietal  ; a,  h, 
c,  d,  supraoccipital  shields.  The  two 
aiTows  pointing  downwards  under  the 
.spiracular  shields  show  the  position  of 
the  openings  of  the  spiracles  on  to  the 
outer  surface  of  the  skull. 


Figs.  60  and  61. 


In  many  Teleosts  a canal, 
lying  in  tlie  axis  of  the  base  of 
the  .skull,  encloses  the  eye- 
muscles,  and  ojaens  on  eitlier 
side  into  the  orbit. 


All  the  bones  bounding  the  oral  cavity,  viz.,  the  vomer,  the 
paraspbenoid,  the  preraaxilla,  and  the  maxilla,  may  bear  teeth. 
The  maxilla,  boAvevei’,  is  usually  edentulous,  and  both  it  and  the 
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preinaxilla  vary  much  as  to  their  develoiDnient : the  latter  may  even 
be  absent. 

Besides  the  above-mentioned  bones  in  connection  with  the 
palatoquadrate  bar,  the  cranial  capsule  of  Teleosts  is  sur- 
rounded by  other  outworks  consisting  of  bony  plates  and  bars. 
These  arise  as  true  dermal  bones  in  the  region  of  the  eyes  (orbital 
ring),  and  in  the  gill-covers  (opercular  bones) ; the  latter  are  similar 
in  number  and  name  to  those  of  bony  Ganoids.  A large  number  of 


Fio.  60.— C'kaxi.\l  Skeleton  of  the  SalmoxV.  (From  the  left  side.) 


I mx,  premaxilla  ; eth,  supraethmoid  ; nas,  nasal ; mx,  maxilla ; ju<j,  jugal ; 
pt,  pterygoid  ; mpi,  mesopteiygoid  ; mtpt,  metapterygoid  ; Quad,  quadrate  ; 
hyom,  Iiyomandibular  ; ^>a/,  palatine ; fr,  frontal ; o,  o,  o,  o,  orbital 
ring ; /var,  parietal  : sphot,  sphenotie  ; epiot,  epiotie  ; jAer,  pterotie  ; sovc, 
supraoccipital  ; op,  operculum  ; pratoj),  preopereulum  ; intop,  interoiiorculuiu  ; 
mbop,  suboperculum  ; hranchiost,  branchiostegal  rays  ; dent,  dentarv  ; art 
articular  ; Ziimje,  tongue. 

chioste^al  rays  are  developed  in  the  ventral  part  of  the  oper- 
cular fold,  or  branchiostegal  membrane  (Fig.  60). 

Anteriorly,  the  opercular  apparatus  lies  against  a bony  chain 
consisting  of  three  pieces^the  Iiyomandibular,  symplectic,  and 
quadrate— which  serves  as  a suspensorial  apparatus  for  the  lower 
jaw  (Fig.  GO).  The  latter  consists  of  Meckel’s  cartilage  and  of 
several  bony  elements,  the  largest  of  which  is  the  dentary; 
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Fi(i.  Gl. — A.  Ckanial  SivELKTox  OK  Salmon  after  Removal  of  the  Jaws, 
ANi)  OuHiTAL  AND  Oi'ERCULAK  EoNKS.  (From  the  riglit  Side. ) 

B.  Longitudinal  section  of  the  same.  Tlie  cartilaginous  jiarts  are  dotted. 


i:o,  vomer  ; 2ih2^1i,  parasphenoid  ; fr,  frontal  ; ekteth,  ectoetlimoid  ; nocr,  sujira- 
occipital ; exocc,  exoccipital ; hasocc,  ba.sioccipital ; Gol.veH,  point  of  connec- 
tion of  the  skull  witli  the  vertebral  column  ; hayih,  basisphenoid  ; orhujih, 
orbitosplienoid  ; alsph,  alisphenoid  ; cpiot,  epiotic  ; ^i/ero,  pterotic  ; opinth, 
opisthotic;  2^’>'oot,  prootic  ; sphot,  sphenotic  j A'. o//’,  canal  for  the  olfactory 
nerve. 


the  others  are,  the  articular,  aiioular,  and  coronoid.  The  last  two, 
however,  may  be  wanting. 

The  hyoid  arch  is  followed  by  four  branchial  arches  and  a 
rudimentary  fifth  which  forms  the  “inferior  pharyngeal  bone.” 
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The  dorsal  segments  of  these  arches  become  fused  together  to 
form  the  “superior  pharyngeal  bone,”  which,  like  the  inferior 
pharyngeal,  usually  bears  teeth. 

A curious  asymmetry  is  seen  in  the  head  of  adult  Pleuronecticloi.  When 
hatched,  these  Fishes  are  quite  symmetrical,  but  later  on  the  eye  of  one  side 
becomes  rotated,  so  that  eventually  l)oth  eyes  are  situated  on  the  same  side  ; 
in  consequence  of  this,  the  skull  also  becomes  asymmetrical. 

The  tactile  barbules  present  on  the  head  of  many  Fishes  {e.rj.,  Siluroids) 
are  supported  hy  skeletal  parts. 


B.  Dipnoi. 


The  skull  of  the  Dipnoi  is  in  a sense  intermediate  between  that 
of  the  Holocephali,  Ganoidei,  and  Teleostei,  on  the  one  hand,  and 


Fig.  G— . Crakial  >5keletox,  Pectoral  Arch,  and  Anterior  Extremity  of 

Protoplerm. 


’ » ’ which  are  fused  with  the  skull,  with  their  neural  spines  ( Psu 

/ .sp  ) ; Orr,  exoccipital,  with  the  hypoglossal  foramina  ; Oh,  auditory  capsule 
Jr  trabecular  region,  wuth  the  foramina  for  the  trigeminal  and  facial  nerves  ; 
J'J^,  ironto-panetal ; Bt,  membranous  fontanelle,  perforated  by  the  optic 
foramen  (//)  ; SK,  supra-orbital ; SE,  supra-ethmoid ; AW,  cm-tilaginous 
nasal  capsule ; A /q  antorbital  process  (the  labial  cartilage,  which  has  a similar 
position  and  direction,  is  not  indicated) ; PQ,  palatoptervfioid  which  converr/es 
owanls  its  fellow  of  the  other  side  Lt  P(J^ ; %^cpfaSa^,  cover^^^^^^^^^ 

mi’t  nto  ?.•’  c^rti  age,  which  is  freely  exposed,  and  grows 

one  teeth;  Op,  Op\  rudimentary  opercular 

JOnes  , I to  V,  the  five  branchial  arches;  KJ{,  cranial  rib  • LA  MK 

44o"raUr'47A^  the  cartilage  of  the 

Sectora  fi’‘  ^ ’i  which  binds  the  upper  end  of  the 

Sh  the  i fll  ®rtie«lar  hea.l  of  the  pectoral  arch,  with 

tarl  latern  tnv  (h)  of  the  free  e.xtremity  articulates  ; *,*,  rudimen- 

ments  e f ®^tremity  (biserinl  type) ; 1,  2,  .3,  the  three  next  seg- 
ments ot  tlie  free  extremity  ; A,  external  gills.  ^ 
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that  of  Amphibia  on  the  other.  In  certain  res^Dects,  however,  it 
presents  special  characters  in  which  it  differs  from  that  of  all 
these  forms. 

The  chondrocraninm  is  retained  either  entirely  (Ceratodus)  or 
at  any  rate  to  a large  extent  (Protopterus  and  Lepidosiren),  and 
the  cartilage  bones  are  much  less  numerous  than  in  Ganoids, 
exoccipitals  only  being  j^resent  (Fig,  62),  The  cranial  cavity 
extends  forwards  between  the  orbits  to  the  ethmoidal  region,  and 
the  lamina  cribrosa  is  largely  cartilaginous.  The  quadrate,  Avhich 
is  covered  by  a sqztamosal  (which  corresponds  to  the  preopercu- 
lum of  Fishes),  is  fused  with  the  cranium,  and  the  connection 
between  the  latter  and  the  strongly  ossified  palatopterygoid,  which 
unites  with  its  fellow  anteriorly,  is  a veiy  close  one. 

The  lattice-like  cartilaginous  nasal  capsules  are  situated  right 
and  left  of  the  apex  of  the  snout,  close  under  the  skin.  As  in 
all  the  higher  Vertebrates,  each  nasal  cavity  communicates  with 
the  mouth  by  internal  nostrils  (choancc)  as  well  as  with  the  exterior 
by  the  external  nostrils,  Avhich  are,  however,  covered  by  the  upper 
lip.  The  labial  cartilages  are  dii’ectly  connected  with  the  inter- 
nasal septum. 

The  occipital  region  is  immovably  connected  with  the 
vertebral  column,  some  of  the  anterior  vertebras  being  firmly 
united  Avith  the  skull.  The  teeth,  which  are  sharp  and  blade- 
like, are  covered  Avith  enamel,  and  are  borne  on  the  palatoptery- 
goid and  mandible ; small  “ vomerine  teeth  ” are  also  present, 
though  there  is  no  vomer.  The  gill-covers  and  branchiostegal 
rays  are  greatly  reduced,  and  even  the  five  cartilaginous  gill- 
arches  are  in  a very  rudimentary  condition  in  Protopterus  and 
Lepidosiren. 

The  strong  loAver  jaAv  is  ossified  by  an  articular,  a dentary,  an 
angular,  and  a s|3lenial,  on  the  last  mentioned  of  Avhich  the  teeth 
are  borne ; Meckel’s  cartilage  extends  for  a short  distance  an- 
teriorly to  the  dentary. 


The  Dipnoi  are  an  extremely  ancient  group  ; tliey  existed  in  the  Trias  and 
Carboniferous  periods,  ;ind  possibly  CA'en  extended  into  the  Silurian.  SeA’^eral 
facts  as  regards  their  skull  cannot  be  satisfactorily  elucidated  until  something  is 
known  of  its  development.  The  morphology  of  the  so-called  “cranial  rib” 
(Fig.  (12),  for  instance,  is  not  at  present  understood. 


C.  Amphibia. 

Urodela. — The  comparatively  simple  skull  of  tailed  Amphi- 
bians is  distinguished  from  that  of  bony  Fishes  in  general 
jDrincipally  by  negative  characters, — on  the  one  hand  by  the 
jDresence  of  less  cartilage  in  the  adult,  and  on  the  other  by 
a reduction  in  the  number  of  bones.  In  the  larval  condition 
(Fig.  63),  the  chondrocraninm,  Avith  its  tiasal,  orbital,  and  auditory 
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Fig.  6.3. — Skull  of  a Young 
Axolotl.  Ventral  view. 


Cdec  Osp 

Fig.  64. — Skull  of  Scdamandra  atra 
(Adult).  Dorsal  view. 


Z/ni^  a 


riu.  00.— .■5KULL  OF  halaimiiwlra  alva  (Adult),  Ventral  view 

-t/,  foramen  for  the  olfactory  nerve  • f-nnmiA  ^ i external  nostrils; 
of  the  intemasal  plate  whiHi  fnmU  „ (^*^tertrabecula) 

prootic  ; JV,  na.snl  • /’/’  nrpfi-r.nt<.i  ' r(  .f  ’ 5 sphenethinoid ; A.s, 

ophthalmic  branch  of  the  fifth  nerve  into  the  nfsal  capsui? 
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regions,  has  very  distinctly  the  relations  described  in  the  introduc- 
tion to  this  chapter.  The  auditory  capsules  (Figs.  63  to  65) — which 
are  bound  together  by  cartilaginous  tracts  in  the  basi-  and  supi’a- 
occipital  regions,  and  generally  become  strongly  ossified  later  by 
the  exoccipitals  and  ]Drootic3, — show  a new  and  important 
modification  as  compared  with  those  of  Fishes  in  the  presence  of 
an  aperture,  the  fenestra  ovedis,  on  the  outer  and  lower  side 
of  each.  This  fenestra  is  closed  by  a cartilaginous  ifiug,  the 
sta-pedial  ylcde,  probably  corresponding  to  a part  of  the  wall  of 
the  auditory  caiJsule;  from  it  a rod-like  cartilage  or  bone,  the 
columella  attris,  corresponding  phylogenetically  to  the  upper- 
element  of  the  hyoid  arch,  extends  outwards  towards  the  quadrate 
in  most  Urodeles  and  serves  to  conduct  the  sound  to  the  inner- 
ear,  the  position  of  the  semicircular  canals  of  which  is  indicated 
by  corresponding  cartilaginous  ridges  on  the  cajDsule. 

In  all  Amphibians  two  condyles  for  articulation  with  the  first 
vertebra  are  developed  on  the  verrtral  ireriphery  of  the  forairren 


Fi(i.  06.— SKUI.L  AND  ViscEUAL  AriCHES  OF  Menoj)oma.  (From  the  side.) 

I,  iimndible  ; II,  liyoid  ; III-VI,  hranchial  arches  ; qu,  quadrate,  above  wliich 
is  the  s((uainosal ; ar,  articular ; mk,  ^Meckel’s  cartilage,  enclosed  by  the 
dentary  bone. 


nragnum.  The  occipital  region  is  ossified  by  two  exoccipitals,  a ^ 
bony  supra-  and  basioccipital  rarely  being  present  in  recent 
forms  (certain  Anura). 

The  large  nasal  capsules,  consisting  throughout  life  of  consider- 
able cartilaginous  portions,  are  connected  with  the  auditory 
capsules  by  means  of  the  trabeculiB,  which  give  rise  to  the  side 
walls  of  the  skull  and  become  more  or  less  entirely  ossified  as 
the  sphenethmoid  and  prootics.  The  cranial  cavity  is  closed 
dorsally  by  the  frontals  and  parietals,  and  ventrally  by  the 
parasphenoid,  which  is  sometimes  provided  with  teeth.  In 
front  of  it  are  the  vomers,  which  bound  the  internal  nostrils ; in 
adults  each  vomer  becomes  fused  with  the  correspondiiig  palatine, 
which  forms  a delicate  bar  lying  on  the  ventral  surface  of  the 
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jiarasphenoid.  Tliese  relations  are  secondary,  for  in  the  larval 
condition  a typical  palatoquadrate  or  pterygopalatine  bar  is  present 
(Fig.  63).  The  lamina  cribrosa  (p.  74)  is  either  cartilaginous  (e.y., 
Salamandra)  or  membranous  (e.y.,  Triton) ; or  the  cranial  cavity 
may  be  closed  in  front  by  special  modifications  of  the  frontals. 

On  the  outer  side  of  the  vomer  lies  the  maxilla,  and  in  front  of 
this  is  a premaxilla  ^Yhich  usually  encloses,  or  at  least  bounds,  a 
cavity.  The  latter  bone  extends  on  to  the  dorsal  surface  of  the 
skull  and  abuts  against  the  nasal,  behind  which  usually  follows  a 
prefrontal. 

The  suspensorium  is  much  more  simple  than  that  of  Fishes 
(Figs.  63 — 66).  It  consists  of  the  quadrate  only,  which  has 

usually  four  typical  processes  connecting  it  with  surrounding  parts, 
and  which  becomes  fused  secondarily  with  the  skull.  On  the 
outer  surface  of  the  quadrate  an  investing  bone,  the  squamosal,^ 
becomes  developed. 


In  Tylototriton  verrucosus  the  quadrate  sends  forwards  a process  which 
comiects  it  with  the  maxilla  ; this  is  quite  exceptional  amongst  Urodeles. 

ith  the  exception  of  the  lower  jaw,  in  connection  with  which 
articular,  splenial,  and  dentaiy  bones  are  developed,  the  visceral 
skeleton  of  Urodeles  undergoes  various  modifications  in  the  different 
types.  We  may  consider  the  ground-form,  as  exhibited  in  the  larva, 
to  consist  of  five  pairs  of  bars  in  addition  to  the  mandibular  arch 
(Rg.  66).  The  anterior  bar,  or  hyoid,  consists  of  two  segments  (Fig. 
67,  A),  as  do  also  the  two  first  branchial  arches.  The  third  and 
fourth  branchial  arches  are  much  smaller,  and  each  is  composed  of 
a single  segment.  All  the  above-named  arches  are  connected 
with  their  fellows  of  the  other  side  by  means  of  a single  or  double 
basal  piece.  At  the  close  of  larval  life,  that  is,  when  the  gills  are 
lost,  the  two  hinder  pairs  of  arches  disappear  entirely,  while  the 
two  anterior  pairs  undei'go  changes  as  regards  form  and  position, 
and  may  become  more  or  less  densely  ossified  (Fig.  67,  B — D). 


In  the  genus  Spelerpes,  which  possesses  a sling-like  tongue,  the  dorsal 
.segment  of  the  first  branchial  arcli  grows  out  into  a long  cartilaginous  fila- 
ment, which  extends  far  back  under  the  dorsal  integument  (Fig.  67,  D). 

The  skull  of  tlie  Gymnophiona  difters  from  that  of  Urodeles  mainly  in  its 
extremely  solid  and  strong  character,  the  ossifications  being  more  extensive. 

In  the  extinct  tailed  Amphibians  (he.,  Steyocephala,  Fig.  68)  some  of  whicii 
were  comparatively  gigantic,  the  cranial  bones  ivere  very  numerous  and  dense 
A parietal  foramen  was  present,  as  well  as  a ring  of  orbital  bones.  These 
forms  possessed  the  same  number  of  visceral  arches  as  Urodeles,  and  it  has 
been  shown  that  tliey  (e.y.,  Branchiomurns)  underwent  a metamorphosis. 
r.xisting  Amphibia  cannot  liave  been  derived  directly  from  tliem. 


Anura.  Tlic  skull  of  the  tuilless  Batrachia  is  at  fir.st  sight 
very  similar  to  that  of  Urodeles.  It  undergoes,  however,  an 

nn,l  squamo.sal  is  never  present  in  existing  Amphibia, 

and  the  bone  winch  is  usually  so  designated  he  calla  the  paraquadratl 
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essentially  different  and  much  more  complicated  development, 
and  cannot  in  any  way  be  directly  derived  from  that  of  tailed 
Amphibians. 


Mrl 

I 


Fjg.  67. — Hyobkaxciiial  Apparatus  of  Urodeles.  A,  Axolotl  {Siredon  stage 
of  Amhiystoma) ; B,  Scdmnandra  macidoui ; C,  Triton  cristatns;  D,  Spderpes 

fuscits. 


Bhr,  I,  II,  first  and  second  basibranchial ; Kell,  ceratobyal  ; IIjiH,  bypohyal  ; 
Kehr  I,  II,  first  and  .second  ceratobranchial  ; Ephr  I to  IV,  first  to  fourth 
epibranchial ; KH,  KIP,  small  anterior  and  postei'ior  pairs  of  cornua  ; 
O.th,  part  of  skeleton  of  larynx  ; G.ih,  thyroid  gland. 


A siictoriccl  mouth,  jDrovided  with  labial  cartilages  and  horny 
jaws,  is  present  in  the  larva.  An  advance  on  Urodeles  is  seen  in 
the  formation  of  a tympanic  cavity  which  is  closed  externally  by  a 
tympanic  membrane,  while  internally  it  opens  into  the  mouth  by  an 
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Eustachian  aperture.  With  the  exception  of  certain  small  regions 
(fenestrse)  on  the  dorsal  side,  the  skull  of  Anura  forms  a com- 


Fic;.  G8. — Restoratiox  of  the  Skull  of  a Stegocephalax  {from  the 
Carboniferous  of  Bohemia).  (After  Fritsch.) 

Pmx,  premaxilla ; M,  maxilla  ; N,  nasal ; Na,  nostril ; F,  frontal  ; Pf,  prefrontal ; 
P,  parietal ; F2),  parietal  foramen  ; Socc,  supraoccipital  ; Br,  branchial 
apparatus  ; Oc,  sclerotic  ring  (orbital  bones. ) j 


plete  cartilaginous  box,  the  ethmoid  region  being  at  first  entirely 
cartilaginous,  and  later  becoming  ossified  by  a sphenethmoid,  which 


-Ppt.  V 


Fig.  G9. — Skull  of  Rana  escnhnta.  Ventral  view.  (After  Ecker. ) 

The  inve.sting  bones  are  removed  on  the  right  side. 

Coer,  occipital  condyles  ; OkU,  exoccipital  ; OK,  auditory  capsule  ; Qu,  quadrate  ; 
V.;.'/,  quadratojugal ; Pro,  prootic ; parasphenoid  ; As,  alisphenoid  region  ; 
/'C  bony  pterygoid  ; PP,  palatopterygoid  ; frontoparietal ; E,  spheneth- 
moid (girdle  bone) ; ]kil,  palatine  ; Vo,  vomer  ; M,  maxilla  ; Pmx,  ]n’emaxilla  ; 
-V,  N\  cartilages  in  connection  with  the  nasal  caiisules  ; IF.  A',  iirorhinal 
cartilage  ; II,  V,  VI,  foramina  for  optic,  trigeminal,  and  abducent  nerves. 


•88 


COMPARATIVE  AR^ATOMY 


encircles  the  whole  skixll  in  this  region  and  is  perforated  by  the 
olfactory  nerves. 

In  the  adult  the  bones  are  not  so  numerous  as  in  Urodeles,  and 
the  frontal  and  parietal  of  either  side  as  a rule  fuse  together,  thus 
giving  rise  to  a fronto-parietal.  The  maxillary  bar  groAVS  back- 
AA’^ards  much  further  than  in  Urodeles,  and  becomes  connected  AAuth 
the  suspensorium  by  means  of  a small  intermediate  bone,  the  cpiad- 
ratojugal  (Fig.  09).  The  maxillaiy  arch  is  therefore  complete,  as 

in  Tylototriton  amongst 
Urodeles  (p.  85).  The 
palatoquadrate  is  united 
anteriorly  AAuth  the  carti- 
laginous nasal  capsule. 
(For  the  relations  of 
the  bones  bounding  the 
mouth-cavity  compare 
Fig.69.)  The  bones  of  the 
loAver  jaAV  are  a dentary 
and  an  angular, the  distal 
end  of  Meckel’s  cartil- 
age ossifying  as  a small 
“ mentomeckelian.” 

There  is  a much 
greater  reduction  of  the 
branchial  skeleton  at  the 
close  of  larval  life  tlian 
Urodeles.  In  the 
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larva  representatives  of 
the  hyoid  and  of  four 
branchial  arches  can  be 
recognised,  but  these  are 
all  fused  together  and 
form  a continuous  struc- 
ture, reminding  one  of 
the  branchial  basket- 
Avork  of  the  Lamprey. 
In  the  adult  tl>is  be- 
comes greatly  reduced, 
and  the  apparatus  con- 
sists of  a broad  cartilaginous  plate  in  tlie  floor  of  the  mouth,  Avith 
long  anterior  and  shorter  posterior  (thyro-h}''al)  cornua,  the  latter 
of  aaLIcIi  become  ossified. 

D.  Reptiles. 

Although  as  regards  the  structure  of  the  skull  existing  Reptiles 
and  Amjahibians  are  Avidely  separated  from  one  another,  certain 
resemblances  exist  betAveen  their  extinct  representatives  (r.y., 
Palieohatteria  and  the  Stegocephala). 


Piti.  70. — Hvobr.anciiial  Skkletox  ok  Larvai. 
(A)  AND  Adult  (]>)  Fkoc. 

(After  Gaupp.) 

In,  body  of  the  hj’oid  ; a.c,  anterior  cornua  ; 
2hc,  posterior  cornua. 
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Excepting  in  the  naso-ethmoichil  region,  the  whole  chondro- 
cranium  usually  becomes  almost  obliterated  by  an  extensive  process 


trans 


s.oc  ^ 

bci8.pt Q ~ » 

pt/ 


dent 


an^ 


Fig.  71.— Skult.  of  Lactrla  wiilis  (from  Parker  and  HasweH’s  Zoolonv 

after  W.  K.  Parker).  ‘ ’ 

A,  from  above  ; B,  from  below  ; C,  from  the  aide,  awj,  angular ; art,  articular  • 
/jcw. oc,  basioccipital  ; haa.pUj,  basipterygoid  processes ; fta.v.Mj/t,  basi- 
sphenoid  ; cot,  epipterygoid  ; cor,  coronary  j de.nl,  dentary ; eth,  ethmoid  • 
ex.oc,  exoccipital;  ext.nar,  external  nares ; for.mcuj,  foramen  magnum: 
)r,  frontal ; int.nar  internal  nares  ; jn,  jugal ; Icr,  lachrymal  ; max,  maxilla  ; 
««/(,  nasal;  oc.cond,  occipital  condyle;  otf,  olfactory  capsule;  opi.ot,  opis- 
tiotic;  op(.w,  optic  nerve;  2><  palatine;  par,  parietal;  para- 

bphenoid  ; par./,  parietal  foramen  ; p.mx,  preniaxilljc  ; pr.fr,  prefrontal  ; 
p/7.  pterygoid;  pl.orh,  postorbital;  qu,  ijuadrate ; s.anq,  supra-angular  • 
H.orh,  .supraorbitals;  nq,  sfiuamosal  ; mipra.t.\  mpra.t>,  supratemporal.s 
( paraquadrate,  Gaupp) ; (runs,  transverse  bone  ; mqma.oc,  supraoccipital  • 
voDiy  vomer.  ' > i i > 
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of  ossification,  which  gives  the  sknll  a very  firm  and  solid  appear- 
ance ; only  amongst  Lizards  (Fig.  71),  and  especially  in  Hatteria 
is  the  cartilage  retained  to  any  considerable  extent,  and  owing  to  the 
conformation  of  the  bones  in  the  posterior  region,  the  skull  in  these 
forms  presents  a number  of  distinct  spaces  or  fossae  in  the  dry  state. 

In  Snakes  and  Amphishsenians  the  cranial  cavity  extends 
forwards  between  the  orbits  as  far  as  the  ethmoidal  region,  while 
in  the  Lacertilia,  Chelonia,  and  Crocodilia — in  which  a fibro-carti- 
laginous  interorbital  septum  perforated  by  the  olfactory  nerve  is 
present — its  anterior  boundary  is  much  further  back. 

The  parasphenoid,  which  plays  so  important  a part  as  an 
investing  bone  of  the  roof  of  the  mouth  in  Fishes  and  Amphibians, 


£l/t  Fm.v 


Jlr(- 


Fkj  7-7  — Skuli.  of  Sxakk  {Troindonotiis  natrix),  dorsal  view. 

Fifi.  73.-  „ „ ..  » ventral  view. 

Cocc,  occipital  condyle  ; O'ip,  siipi’aoccipital ; 01,  exoccipital ; !ov,  fenestra  ovalis  , 
Pe,  periotic  ; P,  parietal ; F,  frontal  ; postfrontal ; Pf,  prefrontal  ; 
Fill,  ethmoid;  N,  nasal  ; Pmx,  premaxilla;  M,  maxilla;  Bp,  basioccipitcn  ; 
Bs,  basi.sphenoid  ; Gh,  posterior  nostrils  ; Vo,  vomer  ; J L,  palatine  ; Pt, 
pterygoid ; Ts,  transverse  bone ; Qu,  quadrate  ; Squ,  scpiamosai  ; Art, 
articular  ; A(j,  angular  ; SA,  supra-angular  ; Dt,  dentary  ; II,  optic  foramen. 


begins  to  disappear  ; amongst  Reptiles  it  only  attains  any  im- 
portant development  in  Snakes,  where  the  anterior  part  remains 
and  forms  the  base  of  the  interorbital  region.  Its  place  is  taken 
by  two  cartilage  bones,  the  basioccipital  and  basisplienoid,^  situated 
along  the  basis  cranii.  In  contradistinction  to  the  Amphibia,  only 
a single  condyle  connects  the  skull  with  the  vertebral  column : 
this,  on  close  examination,  is  seen  to  be  formed  of  three  parts, 
derived  from  the  basioccipital  and  exoccipitals  respectively. 
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The  roofing  bones  of  the  skull  are  ■vvell-developed  and  in  the 
Lacertilia  may  become  closely  united  with  oveidying  dermal  bones, 
while  tne  trabecular  region  (^ali-  and  orhitos^ohcnoids)  becomes  of 
secondary  importance  in  the  adult,  its  place  being  jDartly  taken  by 
processes  growing  downwards  from  the  frontal  and  parietal : 
this  is  especially  the  case  in  Snakes. 

The  parietals  are  paired  in  the  Chelonia  and  in  Hatteria ; in 
all  other  Reptiles  they  become  fused  together,  as  do  also  the 
fiontals  in  many  Lizards  and  Crocodiles.  A parietcil  foramen  ^ is 
present  in  many  Lizards. 

The  tojDographical  relations  of  the  several  bones  to  one  another 
aie  shown  in  Figs.  /I  to  /4.  It  Avill  be  seen  in  them  that  the 
giound-plan  of  the  Urodele  skiill  is  here  fundamentally  retained. 
In  addition,  however,  to  a postorbital,  an  imiDerfect  circumorbital 
ling  0 ones  is  jDiesent  in  Lizards.  In  many  Lizards,  moreover. 


J- 


Ik;.  74.— Skull  of  Young  Watek-Tortoise  {Emys  enro2Km).  Side  view. 

prefrontal,  which  forms  a 
^reat  pait  of  the  anterior  boundary  of  the  orbit ; I,  point  of  entrance  of  tlie 
olfactory  nen'e  into  the  nasal  capsule  ; Na,  external  nostril ; Si,  interorbital 

luadrate/’  Gaupp)  ; tympanic  membrane ; BP,  cartilaginoits  intWval 
between  ba.sioccipital  and  basisphenoid  ; 2Id,  mandible.  Other  letters  as  in 

iw  3.11(1  / o. 


a rod'like  bone,  the  e'pi'pterygoid  (also  represented  in  Crocodiles) 
connects  the  parietal  with  the  pterygoid,  and  a transverse  hone 
extending  from  the  maxilla  to  the  pterygoid  is  typically  present 
in  Keptiles,  but  is  wanting  in  the  Chelonia  and  Typhlojfidte. 

The  auditory  capsules  are  ossified  from  three  intres  the 
prootic  u.sually  remaining  free,  and  the  epiotic  uniting  with  the 
supraoccipital  and  the  opisthotic  with  the  exoccipital  A fenestra 
rotiivda  IS  present  in  its  walls  in  addition  to  a fenestra  ovalis,  into 
which  latter  t^he  stapedial  plate  of  the  columella  is  inserted  (see 

Sgu  tympanic  cavity  in  most  Reptiles  communicates 

with  the  pharynx  by  means  of  an  Eustachian  tube. 

' In  certain  Chameleons  its  representative  is  in  (lie  frontal. 
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The  columella  here  also  probably  arises  in  connection  with  the  upper  end 
of  the  hyoid  arch  (see  p.  84),  with  which  it  is  continuous  in  Hatteria. 


The  quadrate  alone  forms  as  the  suspensorium  for  the  lower 
jaw:  it  may  be  articulated  with  the  skull  (Ophidia/  most 

Lacertilia)  or  firmly  fixed  to  it 
(Hatteria,  Chelonia,  Crocodilia). 


According  to  Gaupp,  a squamosal  is 
wanting  in  narrow-mouthed  Snakes  and 
Hatteria,  and  a paraquadrate,  comparable 
to  that  of  the  Amphibia  (p.  85)  is  present 
in  almost  all  Lizards  and  Chelonians,  a 
(juadratojugal  being  found  only  in  Hatteria. 


The  pterygopalatine  arch  is  well 
developed  in  all  Reptiles.  In  Snakes 
and  Lizards  it  is  more  or  less  movable 
and  free  from  the  base  of  the  skull, 
while  in  Chelonians  and  Crocodiles  it 
meets  with  its  fellow  to  a greater  or 
less  extent  in  the  middle  line,  and 
shelf-like  palatine  processes  of  the 
maxilla  also  come  into  connection 
Avith  the  palatines  : — thus  a secondary 
roof  is  Ibrmed  to  the  mouth-cavity 
distinct  from  the  true  (s]Dhenoidal) 
base  of  the  skull.  The  cavity  thus 
formed  closes  in  the  posterior  pro- 
Fj(i.  75.— Siiunn  of  a ’^'oung  longation  of  the  nasal  chambers, 
Ckocodilk.  (Ventral  view.)  which  consequently  become  sharply 


differentiated  from  the  mouth.  In 
Chelonians  the  pterygoid  bones  do 
not  take  part  in  the  formation  of  this 
hard  palate,  which  in  Crocodiles  is 
much  more  markedly  develojDed, 
and  is  formed  by  the  premaxillse, 
maxilliB,  j)alatines,  and  pterygoids, 
the  posterior  nostrils  here  opening 
back  into  the  pharynx  (Fig.  75). 

A number  of  bones  arise  in  connection  with  the  lower  jaw, 
viz.,  a dentary,  angular,  supra-angular,  splenial,  coronoid,  and 
articular. 

Teeth  are  well  developed  in  all  Reptiles  except  Chelonians, 


C'occ,  occipital  condyles ; Ob, 
basioccipititl  ; Ch,  internal 
nostrils  ; /V,  pteiygoid ; Orb, 
orbit ; PI,  jwlatine  ; M, 
palatine  process  of  maxilla  ; 
]^mx,  prenmxilla  ; Tn,  trans- 
verse Ijone  ; Jij,  jugal  ; Qj, 
quadratojugal  ( ‘ ‘ paraquad- 
rate,’’Gaupp)  ; Qa,  quadrate. 


fai 


1 In  Snakes  (Figs.  72  and  73)  (except  Tortrix),  the  quadrate  is  only  indirectly 
connected  with  the  skull  by  means  of  the  squamosal,  whieh  extends  backwards, 
and  thus  throws  the  articulation  of  the  lower  jaw  far  back,  giving  rise  to  a very 
wide  gape.  In  most  Snakes,  and  particularly  in  the  Viperine  forms,  the  facial 
bones  are  capable  of  movement  upon  one  another,  but  in  Typhlops  tliey  are  im- 
movably connected  Avith  the  skull.  The  two  rami  of  the  mandible  are  connected 
by  a more  or  less  elastic  ligament. 
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in  whicli  they  are  replaced  functionally  by  strong  horny  sheaths 
on  the  edges  of  the  jaws.  The  teeth  may  be  borne  on  the 
palatine  and  pterygoid,  as  well 


as  on  the  maxilla,  premaxilla 
(which  is  usually  unpaired), 
and  dentary. 

Ill  the  young  Hatteria  only 
amongst  existing  Reptiles  do  the 
vomers  bear  teeth  (usually  one  on 
each).  In  certain  fossil  forms  brush- 
like masses  of  sphenoidal  teeth 
were  present. 

The  remarkable  horned  skull  of 
the  gigantic  Oeratopsidoi  (Dino- 
sauria)  which  reached  a length  of 
nearly  seven  feet,  possessed  horny 
beaks  in  addition  to  teeth  on  the 
maxilla  and  dentary.  A jiarietal 
foramen  was  jiresent. 

In  correspondence  with 
the  absence  of  branchial  re- 
spiration during  development, 
the  branchial  apparatus  plays 
no  great  part  in  Reptiles,  and 
often  only  the  slightest  traces 
of  it  are  seen ; thus  in  Snakes, 
for  instance,  only  the  hyoid 
remains,  and  this  not  always. 
In  Chelonians  a basal  piece 
(“ basibyobranchial”)  as  well 
as  the  first  branchial  arch  per- 
sist in  addition  (Fig.  76). 


eu7-opim. 

ZH,  basibyobranchial,  which  widens  at 
ZB  and  bears  the  cricoid  {BK)  and 
arytenoid  {AK)  cartilages  of  the 
larynx;  KJI,  lesser  hyoid  cornua; 
ZH,  greater  hyoid  cornua  ; IK,  first 
branchial  arch  ; Tr,  trachea. 


E.  Birds. 

The  skull  of  Birds  is  formed  on  a similar  plan  to  that  of 
Reptiles — more  particularly  of  Lizards,  but  it  exhibits  certain 
special  characteristics  (Fig.  77). 

The  brain-case  is  proportionately  very  large,  and  all  the  cranial 
bones  shovv  a tendency  to  run  together  by  the  obliteration  of  the 
sutures  originally  present  between  them  ; they  are  usually  delicate 
and  spongy  (“  pneumatic  ”),  thus  contrasting  greatly  with  those  of 
Reptiles.^ 

Only  in  the  region  of  the  nose  does  the  cartilage  persist 
throughout  life  to  any  extent,  and  even  here  not  always. 

...  should,  liowever,  be  mentioned  that  tlie  development  of  air  spaces 
within  the  bones  of  tlie  skull  is  hinted  at  in  Crocodiles  and  certain  fossil 
Keptiles. 
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The  ^inpctired  occipital  condyle  no  longer  lies  at  the  posterior 
boundary  of  the  skull,  but  becomes  relatively  shifted  forward  along 
its  base,  so  that  the  axis  of  the  latter  lies  at  an  angle  with  that  of 
the  vertebral  column. 

The  bagis  cranii  is  formed  by  a basioccipital  and  a basisphenoid, 
from  which  latter  a bony  rostrum,  the  remains  of  the  anterior  part 
of  the  parasphenoid,  extends  forwards.  The  posterior  part  of  the 
parasphenoid  persists  as  a large  plate,  the  hasitemporal,  whicli 
underlies  the  basisphenoid  and  part  of  the  basioccipital.  Above 
the  rostrum  a small  presphenoid  is  iDresent  in  the  embryo,  and 
orbitosphenoids  and  alisphenoids  are  better  developed  than  in 
Lizards.  The  auditory  capsules  ossify  by  three  centres,  and  the 
relations  of  the  tympanic  cavity,  auditory  fenestras,  and  columella 
are  very  similar  to  those  of  Reptiles.  The  two  Eustachian  tubes 
open  together  in  the  middle  line. 

The  quadrate  is  movable  upon  the  skull,  as  is  also  the  whole 
rnaxillopalatine  apparatus ; the  palatopterygoid  bar  is  separated 
from  its  fellow  in  the  middle  line  and  slides  on  the  rostrum  of  the 
basisphenoid,  thus  allowing  the  beak  to  be  raised  or  lowered  to  a 
greater  or  less  extent:  a complete  bony  palate  comparable  to  that 
of  Crocodiles  is  consequently  never  present.  This  mobility  of  the 
upper  jaw  is  most  marked  in  Parrots,  in  which  the  frontonasal  joint 
forms  a regular  hinge. 

The  vomers,  which  may  be  absent,  usually  unite  with  one 
another,  and  with  the  palatines  in  a greater  or  less  degree.’-  The 
posterior  nostrils  are  always  situated  between  the  vomers  and 
palatines.  The  maxilla  and  quadrate  are  connected  by  a jugal 
and  a quadratojugal,  and  a squamosal  is  present ; small  bones  may 
also  occur  in  the  neighbourhood  of  the  lachrymal.  (For  other 
details,  compare  Fig.  77.) 

Teeth  were  present  in  Jurassic  and  Cretaceous  Birds  (Archaeo- 
pteryx, Hesperornis,  Ichthyornis),  but  ai’e  no  longer  develojaed  in 
existing  forms,  their  place  being  taken  functionally  by  horny 
sheaths  covering  the  bones  of  the  jaws,  which  thus  form  a beak, 
much  as  in  Chelonians. 

Several  bones  are  developed  in  connection  with  the  lower  jaw, 
the  relations  of  which  are  essentially  similar  to  those  seen  in 
Reptiles  : they,  however,  become  fused  together  in  the  adult,  and 
the  two  rami  of  the  mandible  unite  distally  by  synostosis. 

The  visceral  skeleton  is  greatly  reduced,  though  the  basihyal 
and  basibranchial — which  are  embedded  in  the  tongue,  as  well  as 
the  first  branchial  arch  persist,  and  the  latter  may,  as  in  the 
Woodpecker,  grow  out  into  a pair  of  very  long  jointed  rods 
extending  far  over  the  skull. 


1 The  differences  in  details  as  regards  the  arrangement  of  the  hones  of  tlie 
palate  are  important  for  purposes  of  classification. 
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Fio.  77.— Skull  of  a Wild  Duck  (Anas  boschas).  A,  from  above  : B,  from 
below  ; L,  from  the  side.  (From  a preparation  by  W.  K.  Parker). 

a.f.8  alLsphenoid;  a|/  angiilar  ; ar,  articular  ; a.;;./,  anterior  palatine  foramen  ; 
basitemporal ; 6.0,  basioccipital  basipterygokl ; b.s,  basisphenoid  • 
d,  dentarj';  e.n,  external  nostrils;  eth,  ethmoidt  e.o,  exoccipitol  • e n’ 
Eustachian  aperture  ; /r,  frontal  ;/.m,  foramen  magnum;  i.c,  f£-amen  for 
mteinal  carotid  artery;  j,  jugal;  Ic,  lachrymal;  maxillopalatine 

process  ; 7na;,  maxilla;  7J,  nasal ; n.px,  na.sal  process  of  the  premaxilla  • nx 
f > P'^^etal ; ps,  presphenoid  ; pcj,  pterygoid  ; pF,  palatine 
internal  nostrils;  q,  quadrate;  q.y,  quadratojugal  ; w,  sc/uainosal  • « o 
supraoccipital ; ty  tympanic  cavity  ; v,  vomer  ; II,  forainen  fm-  optic  nerve  ; 

hypoSosVar'"'"^'^ ' 8^°®®°Pl'aungeal  and  vagus  f XII,  for 
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F.  Mammals. 

Id  Mammals  there  is  a mucli  closer  connectioa  between  the 
cranial  and  visceral  regions  of  the  skull  than  is  the  case  in  the 
Vertebrates  already  described.  In  the  fully-developed  skull 
both  maxillary  and  j^alatopterygoid  regions  are  united  to 


Fig.  78  a. — Loxgitgdinal  Vertical  Sections  through  the  Skulls  of — A, 
^alamandra  maculom,  B,  Tedxulo  rjraica,  and  C,  Corvus  coronc,  to  show  the 
Relations  between  the  Cranial  and  Visceral  Portions. 

the  cranium,  though  a facial  and  a cranial  region  can  still  be 
distinguished.  The  higher  we  pass  in  the  Mammalian  series, 
the  more  does  the  former  come  to  lie  below  instead  of  in  front  of 
the  latter.  In  Man  the  facial  skeleton  is  proportionately  small 
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wlieu  contrasted  [with  the  large  cranial  portion  of  the  skull, 
and  the  reduction  of  the  angle  between  the  basi-cranial  and 


I’k:  78  I!.— Lu.\(:itui>i\al  Vekttoal  Sections  through  the  Skulls  ok  A Dkkk 


T^A^aml  ^'S^- 

The  base  of  the  skull  is  mainly  preformed  in  cartilage,  as  in 
Reptiles  and  Birds.  Ihe  paraspherioid  has  practically  disappeared, 
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lit;.  i9. — Skixl  OF  Greyhound.  A,  from  above;  B,  from  the  side;  C,  from 
below  ; and  D,  in  longitudinal  section. 

Jm,  premaxilla  ; A , nasal ; maxilla,  with  the  infraorbital  foi’amen  {Finf) ; Jg, 
jugal;  Sq,  squamosal;  zygomatic  process  of  the  squamosal;  A,  lachiy- 
mal,  surrounding  the  lachrymal  canal;  F,  parietal;  (S'*/,  ore,  supi’aoccipital  ; 
G.orr,  occipital  condyles,  on  the  exoccipitals  ; B.occ,  Occ.bas,  basioccipital  ; 

palatine  ; Pt,  pterygoid  ; Sph,  alisphenoid  ; Sph',  basisphenoid  ; 
o/>/i  , presphenoid  ; jSIaud,  extei’nal  auditory  meatus  ; T,  tympanic  ; For. 771, 
foramen  magnum  ; Pet,  petrous  portion  of  periotic  ; C/io,  posterior  narial 
passage;  Vo,  vomer;  Eth,  lamina  perpendicularis  of  the  ethmoid;  Eth', 
cribriform  plate  ; Gav.gl,  glenoid  cavity  for  the  lower  jaw. 


the  anterior  part  of  the  basis  cranii  being  formed  by  the  ossification 
of  the  cartilage  : this  either  gives  rise  to  a distinct  presphenoid 
(i\Iarsupials,  Rodents,  and  some  Insectivores),  or  may  be  due 
to  a union  of  the  basal  parts  of  the  two  orbitosphenoids.  Ali- 
sphenoids,  as  well  as  a basisphenoid,  a basioccipital,  a supraocci])ital, 
and  exoccipitals  are  always  present,  the  jjaired  condyles  beino- 
furnished  by  the  exoccipitals  (Fig.  79).  The  cranial  cavity  is 
closed  in  anteriorly  by  the  bony  lamina  cribrosa  or  cribriform 
plate  of  the  ethmoid,  which  has  numerous  perforations  for  the 
olfactory  nerves  in  all  Mammals  but  Ornithorhynchus. 

The  auditory  capsules  are  ossified  from  prootic,  epiotic, 
and  opisthotic  centres,  which  early  fuse  together  to  form  the 
peoiotic  or  petromastoid  bone.  The  denser  internal  (petrous) 
portion  of  this  encloses  the  essential  part  of  the  organ  of  hearing, 
and^a  fenestra  ovalis  andfenesti’a  rotunda  are  present  on  its  outer 
surtace  : the  more  spongy  mastoid  portion  reaches  the  surface  of 
t e skull  between  the  exoccipital  and  the  tympanic  bone.’^  The 
latter  overlies  the  petrous  portion  of  the  periotic,  and  gives 
attachment  to  the  tympanic  membrane : in  the  Placentalia  it 
lorms  the  tubular  external  auditory  passage  or  meatus,  below 
w ich  it  usually  expands  into  a hulla  tympani,  which  encloses 
tBe  tympanic  cavity  and  communicates  with  the  pharynx 
by  means  of  the  Eustachian  tube.  The  “temporal  bone”  of 
squaiTosa^^  represents  the  fused  periotic,  tympanic,  and 

The  cranial  cavity  is  roofed  in  by  frontals,  parietals,  an  inter- 
parietal, andasupraoccipital:  these,  like  many  of  the  other  cranial 
bones,  are  united  by  sutures  which  usually  persist,  at  any  rate  for 
a long  time.  Many  of  the  bones  are  more  or  less  spongy  iuternallv 

and  may  contain  definite  air-sinuses. 


ces.ses  j 

f l,oue  liecomes  developed 

gi-ows  out  to'fonn  tlio  frontal,  with  which  it  fuse.s.  iVis 

S^i.  LverW  and  after  attaining  its  full  development,  the 

coy u mg  It  dues  up  owing  to  tlie  development  of  the  “ hurr”  at  its  liase  ; 

“ P^n-aqnadrate  ” of 
H 2 
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this  constricts  the  vessels,  and  the  antler,  being  deprived  of  nutriment,  falls 
ofl  periodically  at  the  close  of  the  Ijreedmg  season.  In  the  young  animal, 
the  antlers  are  simple,  but  year  by  year  they  become  more  complicated  and 
branched.  G-imffes  possess  persistent  antlers  covered  by  liair  and  without  any 
process  from  tlie  frontal : they  do  not  become  anchylosed  to  the  latter  bone. 

The  difterentiation  into  liorned  and  antlered  forms  first  began  in  the 
Miocene  epoch. 

In  the  nasal  cavity,  scroll-like  turhinals  ^ are  present : these  are 
preformed  in  cartilage,  and  unite  with  the  surrounding  bones.  The 
two  nasal  chambers  are  separated  from  one  another  by  a cartilaginous 
septum  nasi,  the  posterior  part  of  which  becomes  ossified  by  a 
vertical  plate  (mesethmoid)  in  connection  with  the  lamina  cribrosa. 

The  vomer,  which  is  unpaired  in  the  adult,  is  situated  immediately 
below  the  nasal  se2Dtum.  Cartilage  is  retained  only  in  the  latter 
region  and  around  the  external  nostrils  (“  aliseiDtal  ” and  “alinasal 
cartilages  ”).  The  nasal  cavities  communicate  anteriorly  with  the 
mouth  by  means  of  the  incisive  or  naso-palatine  canals  as  well  as 
posteriorly  by  the  internal  nostrils.  : 

As  regards  the  structure  of  the  hard  palate,  Mammals 
agree  essentially  with  Crocodiles,  but  the  small  pterygoids  (except, 
in  Anteaters  and  some  Cetaceans)  do  not  take  j)art  in  its 
formation.  The  palate  is  very  long  in  Echidna  and  in  certain 
Edentata  and  Cetacea,  and  often  (c.g.,  Marsupialia)  jDresents  | 
unossified  vacuities,  I 

The  premaxilla  takes  an  im|3ortant  j)art  in  enclosing  the  , 

nasal  cavity  ; it  also  contributes  to  the  hard  palate,  and  surrounds  j 

the  nasopalatine  canal.  In  the  lateral  parts  of  the  face  of  most  | 
Mammals,  the  jugal  or  malar  connects  the  maxilla  with  a process  i 
of  the  squamosal  (instead  of  with  the  quadrate,  as  in  Amphibia  I 
and  Sauro]3sida) : thus  a zygomatic  arch  is  formed  from  these  three 
bones  (Fig.  70).  In  most  cases  {c.g.,  Ungulata  and  Primates)  the 
jugal  is  also  connected  with  a jDrocess  of  the  frontal,  and  thus  the 
orbit  becomes  more  or  less  completely  separated  from  the  tenqooral  ; 
fossa. 

The  tympanic  membrane  is  connected  with  the  membrane  of 
the  fenestra  ovalis  by  an  articulated  chain  of  small  auditory 
ossicles,  extending  across  the  tympanic  cavity  and  consisting  of  the 
malleus,  incus  (with  its  orbicular  apophysis),  and  stapes — instead  of 
by  a single  columella  as  in  Amphibians  and  Reptiles,  The  two 
former  of  these  bones  arise  in  the  embryo  from  the  proximal 
end  of  the  mandibular  arch,  one  jDortion  of  which  becomes 
constricted  otf  to  form  the  incus  and  another  the  malleus, 
both  portions  afterwards  becoming  ossified.  The  part  of  the  arch  i 

in  the  lower  jaw,  distal  to  the  malleus,  corresponds  to  Meckel’s  ( 

cartilage,  and  in  Fig.  80  the  two  are  seen  still  in  continuity.  \ 
The  stapes,  which  is  stirrup-shaped  in  all  Mammals  but  Mono- 
tremes  and  certain  Marsupials  and  Edentates,  j)lugs  the  fenestra 

1 For  details  of  the  turbiiials  in  Mammals  and  otlier  "V  ertebrates,  compare  tlie 
section  on  the  olfactory  organ. 
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ovalis  on  the  one  hand  and  articulates  with  the  incus  on  the 
other,  while  the  malleus  articulates  with  the  incus,  and  its 
mauubrial  process  is  attached  to  the  t}'mpanic  membrane.  The 
above  facts  indicate  that  the  malleus  corresponds  to  the  articxdar 
element  of  the  mandible  of  lower  Vertebrates,  and  the  incus  to 
the  quadrate. 

The^  morphology  of  the  stajje.s  is  not  by  any  means  clear  ; phylogenetically 
it  certjiinly  corresponds  to  the  upi^er  end  of  the  hyoid  arch  (pharyngo-hyal  or 
h3'omandibular  of  Fishes),  but  its  homology  with  this  element  has  not  been 
proved  ontogenetically.  Its  basal  plate,  however,  doubtless  corresponds  to 
the  stapedial  plate  of  Amphibia  and  Sauropsida  (comp.  pp.  84  and  92). 


Fio.  80.— Skull  of  Embryo  of  Arm.\dillo  (Tatima  hyhrida). 

drawing  by  W.  K.  Parker.)' 


(Modified  from  a 


rt./y,  tympanic  annulus  ; aa,  auditory  capsule  ; h.liy,  basihyal ; c.liy,  ceratohyal  ; 
o";  cricoid  ; d dentary  ; ^..h.y,  epihyal  ; e.w,  external  nostril  ; eo,  exoccipital 
J,  ”ontal ; h.hy,  h^-pohyal ; i,  jugal ; in,  incus  ; Zc,  lachrymal ; mk,  MeckePs 
cartilage  ; mi,  malleus  ; mx,  maxilla  ; n,  nasal ; or.c,  occipital  condyle  • p 
parietal  ; palatine  ; premaxilla  ; -so,  supraoccipital ; s(,  stapes  ; s z' 
siipenor  turbinal  ; stapedius  muscle;  nq,  squamosal;  ZZi,  thyroid;  zV 
trachea  ; I , I foramina  through  which  the  first  and  second  divisions  of 
the  trigeminal  pass  out  from  the  orbit ; II,  optic  foramen. 


Thus  the  parts  of  the  mandibular  arch  which  form  the  hino-e  of 
the  jaw  m lower  Vertebrates  are  in  Mammals  utilised  to  conduct 
sound-vibrations  to  the  internal  ear.  Around  Meckel’s  cartilao-e 
a membrane-bone  is  developed  corresponding  essentially  to  the 
Uentary ; this  forms  the_ entire  lower  jaw  of  the  adult  and  develops 
a new  ai  ticulation  with  the  nquamosal : this  arrangement  is 
characteristic  of  and  confined  to  the  Mammalia  (Figs.  79  and  80). 
1 he  two  rami  of  the  mandible  usually  unite  distally. 

Teeth,  wdiich  are  only  exceptionally  wanting  {e.g.,  Echidna. 
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certain  Edentates),  are  confined  to  the  premaxilla,  maxilla,  and 
mandible. 

The  hyoid  arch  (Fig.  80)  is  connected  proximally  with  the 
auditory  capsule  and  distally  with  the  base  of  the  third  visceral 
(that  is,  the  first  true  branchial)  arch.  It  becomes  more  or 
less  ossified,  but  the  greater  part  is  usually  reduced  to  a fibrous 
band,  and  may  be  quite  rudimentary;  its  proximal  end  forms 
the  styloid  process  of  the  periotic,  and  its  distal  the  lesser 
(anterior)  cornua  of  the  so-called  hyoid  bone  of  the  adult.  The 
body  of  this  bone  represents  the  basal  parts  of  the  hyoid  and 
first  branchial  arch,  the  greater  (posterior)  cornua  belonging  to 
the  latter. 


VI.  LIMBS 

Tlie  problem  of  tlie  origin  and  morphological  meaning  of  the 
fins  and  limbs  of  Vertebrates  is  one  which,  in  point  of  interest  and 
importance,  is  comparable  to  that  relating  to  the  head.  During 
the  last  thirty  years  it  has  been  attacked  vigorously  both  from  the 
einbryological  and  the  palasontological  sides,  and  has  given  rise  to 
so  many  speculations — often  of  a very  contradictory  nature — that 
only  the  barest  outline  of  some  of  the  more  important  results 
obtained  can  be  given  in  the  course  of  the  present  chapter. 

The  fins  or  limbs,  which  are  distinguished  from  the  axial  organs 
(head,  neck,  and  body),  as  appendicular  organs,  serve  mainly  for 
locomotion,  and  may  be  divided  into  two  groups,  the  impaired 
and  the  paired  (pectoral  and  pelvic). 


A.  Unpaired  Fins. 

The  unpaired,  or  median  fins,  which  are  mainly  characteristic 
of  Fishes,  arise  in  the  embryo  as  a ridge  of  the  integument  (epiblast 
and  mesoblast)  extending  along  the  median  dorsal  line  from  the 
anterior  part  of  the  trunk  backwards  to’ the  tail,  around  the  apex 
of  which  it  is  continued  forwards  for  some  distance  along  the 
ventral  side  ; thus  a dorsal,  caudal,  and  ventral  portion  can  be 
distinguished.  In  the  course  of  further  development,  these 
portions  either  remain  continuous,  or  else  certain  jjarts  undergo 
reduction,  so  that  the  ridge  only  persists  in  certain  regions, 
where  it  forms  independent  dorsal,  caudal,  and  ventred  or  anal  fins 
(Fig.  81,  A,  B) ; in  these  regions  muscles  and  skeletal  parts  be- 
come developed.^ 

These  skeletal  parts  consist  of  supporting  rays  of  two  kinds. 
In  the  base  of  the  fin  cartilaginous  radii,  usually  segmented,  are 

■*  The  curious  suctorial  disc  on  tlie  dorsal  side  of  the  liead  of  the  Teleostean 
Remora  (Echeneis),  hy  means  of  wliich  it  attaches  itself  to  foreign  objects,  arises 
in  the  embryo  from  the  anterior  portion  of  tiie  dorsal  unpaired  fin,  and  tliis  is 
indicated  throughout  life  by  the  arrangement  of  the  blood-vessels,  nerves,  and 
skeletal  parts. 
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formed  iu  all  the  Fishes  proper  aud  in  Dipnoans ; these,  which 
may  conveniently  be  distinguished  as  " pterygiophores,”  may  unite 
to  form  a hasiptcrygmm,  and  in  bony  Fishes  they  become  ex- 
tensively ossified : they  frequently  come  into  secondary  con- 
nection with  the  vertebral  column  {e.g.,  by  means  of  the  so-called 
“ interspinous  bones  ” of  Teleostei).  The  peripheral  part  of  the 
fin  is  supported  by  dermal  rays,  which  may  consist  of  numerous 
delicate  horny  fibres  [e.g.,  Marsipobranchs,  Elasmobranchs,  Cartilag- 
inous Ganoids,  Dipnoans),  or  of  bony  rods,  entire  or  jointed,  often 
cleft  at  the  base,  and  oiot  preformed  in  cartilage  (Teleosts,  Bony 
Ganoids). 

Median  fins  are  also  present  in  the  Amphibia,  in  which  they 
may  persist  throughout  life  (e.g.,  Perennibranchiata),  or  may  only 


A 


B 


Fiff.  81. — Diagram  .siiowixfi  (A)  the  Undifferextiateh  Condition  of  the 
Paired  and  Unp.\ired  Fins  in  the  Embryo,  and  (B)  the  manner  in 
which  the  Permanent  Fins  .are  Formed  from  the  Continuous  Folds. 

I),  (lor.sal  fin-fold  ; S,  S,  lateral  folds,  wliieli  unite  together  at  to  form  the 
ventral  fold  ; JiF,  FF,  dorsal  fins  ; SF,  tail-fin  ; A F,  anal  fin  ; BrF,  pectoral 
fin  ; BF,  pelvic  fin  ; An,  anus. 


occur  in  the  larval  stage  and  occasionally  also  during  the  breeding 
season  {e.g.  Newt).  They  have  the  form  of  a continuous  in- 
tegumentary fold  extending  round  the  tail  and  along  the  back 
for  a greater  or  less  distance,  but  enclose  no  slceletal  elements. 

Amongst  Reptiles,  median  fins  were  present  in  Ichthyosaurus, 
and  these  are  comparable  to  the  doi’sal  fins  occurring  in  the 
Cetacea  amongst  Mammals : in  both  cases  they  must  be  looked 
upon  as  .structures  acquired  secondarily  in  connection  with  an 
aquatic  existence. 


B.  Paired  Fins  or  Limbs. 

Embryological  researches  have  shown  that  latcrcd  fin-folds  must 
have  exi.sted  in  the  ancestors  of  Vertebrates  in  addition  to  the 
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median  fins,  and  these  can  still  be  recognised  in  young  embryos 
of  Elasmobrancbs  (Fig.  81,  A)  and  to  a less  extent  in  those  of 
Sturgeons,  Teleosts,  and  Amphibians.  They  extended  backwards 
along  the  sides  of  the  body  from  just  behind  the  head,  gradually 
convei’ging  towards  the  anal  region,  where  they  became  continuous 
with  the  ventral  part  of  the  median  fin-fold  (Fig.  81,  A),  and  thus 
resemble  the  lateral  or  metajjleural  folds  present  in  the  adult 
Amphioxus.  As  is  usually  the  case  in  the  median  fins  (p.  102), 
certain  parts  of  these  lateral  folds  have  undergone  reduction, 
only  the  anterior  and  posterior  portions  remaining  to  form  two 
paired  (pectoral  aiid  pelvic)  fins  or  limbs,  which  must  therefore  be 


Fi(i.  SI,  A.— Tr.\.nsvki4sk  Skctio.v  TiiKoroJi  thI';  Kmbhyo  of  .\  Shark  (PridinruH 
me/uiiodovuix),  !)  iMm.  i.ono,  siiowino  tiik  Mook  of  Oricun  of  the  Pec- 
toral Ll.MIi-BCDS  {up.). 


looked  upon  as  the  localised  remains  of  a continuous  lateral  fin-fold 
on  either  side  of  the  body,  and  as  being  homodynamous  (i.e.,  serially 
homologous)  structures. 

Into  these  paired  fitis  the  myotonies  extend,  and  cartilaginous 
su]3j)orts  (pterygiophores)  are  formed  from  the  mesoblast,  as  in  the 
case  of  the  median  fins.  These  radii  appear  first  of  all  at  the  base 
of  the  fin,  gradually  extending  centrifugally  into  the  latter,  and 
also,  becoming  fused,  centripetally  into  the  body-wall.  An  articula- 
tion is  then  secondarily  formed  between  the  fused  basal  part  of  the 
skeleton  situated  in  the  free  portion  of  the  limb  (hasi2Jterygiuin)  and 
that  which  extends  into  the  lateral  body-wall  and  serves  as  a support 
for  the  limb  proper  : this  latter  portion  constitutes  the  livib-arch 
or  girdle.  The  arch  may  remain  comparatively  small  and  not  extend 


my. 


rli,  uotochonl : co,  ca-lonie  ; «/, 


myomeres,  seen  to  Le  growing  ventrally ; my, 
si)inal  cord. 
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far  dorsally ; but  when  the  limb  is  destined  to  perform  more  im- 
portant movements  in  locomotion,  or  to  give  a more  definite  supjDort 
to  the  body,  the  arch  may  extend  upwards  so  as  to  come  into 
connection  with  the  axial  skeleton  as  well  as  meeting  with 
its  fellov  ventrally,  thus  forming  an  almost  complete  girdle 
aiound  the  body.  The  limb  skeleton  may  become  ossified  later. 


Ffc.  82.— A,  Jj,  C. 


OK  a’lIKKK  SUCCESSIVK  iST-AGES  IX  THE  DEVELOP 
MEXT  OF  THE  PeLVIC  Fix  OK  A yilAKK. 


kI,  pi  imitn  e radii,  wliicli  m A are  beginning  to  fuse  into  a basal  plate  ibs).  In  li 
this  fusion  has  taken  place  on  botli  sides,  and  at  * the  proximal  ends  of  the 
tHobasals  areapiuoximating  to  form  the  arch.  In  C the  process  is  com- 
pleted, and  at -f  ail  articulation  has  been  formed  between  the  arch  and  tlie 
flee  portion  of  the  tm.  On  the  left  side  in  C the  radii  are  becoming  second- 
.iril.\  segmented,  fo,  obturator  foramen  ; d,  cloacal  aperture  ^ 


In  the  ca.se  of  Fishes,  the  pelvic  fin  as  a rule 
and  more  embiyonic  stage  than  the  pectoral. 

The  paired  limbs  are  not  connected  with 
segments,  but  vary  greatly  in  tlieir  relative 
number  of  nerves  which  supply  them. 


remains  at  a simpler 

any  particular  body- 
positions  and  in  the 


' A somewluit  similar  idea  was  jmt  forward  liy  Ooodsir  as  earlv  as  IS.Iti. 
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previously  put  forward  the  view  that  the  arches  and  fins  correspond  to  nieta- 
moiphosed  gill-arclies  and  rays  : he  supposed  that  one  ray  came  to  exceed 
tJie  others  in  size,  and  that  the  others  then  gradually  became  attached  to  it 
instead  of  to  the  arch,  the  result  being  a biserial  form  of  fin  (“  archipteni- 
■(jinm  ) which  is  most  nearly  retained  in  Ceratodus  (Fig.  101  and  p.  124). 


Pectoral  Arch. 

Fishes  and  Dipnoans. — Paired  fins  and  arches  ai'e  wanting 
in  the  Cyclostomi.  In  the  Elasmobranchii  and  Holocephali  the 
pectoral  arcli  consists  of  a comparatively  simple  cartilaginous  bar 


Fi(i.  .S3. — Pkctok.vu  Alien  ami  Fi.\  ok  Hc2)tanchuii. 

■SB,  SB^,  pectoral  arch,  with  a nerve  aperture  at  NL  ; l^r,  Ms,  Mt,  tlie  three 
ha.sal  elements  of  tlie  fin — pro-,  nieso-,  .and  inetapterygiuin  ; Jia,  cartilaginous 
fin-rays  ; a,  h,  the  main  fin-ray,  lying  in  the  axis  of  the  metapterygium  ; 
t,  single  ray  on  the  other  side  of  tlie  axis  (indication  of  a biserial  type)  ; FS, 
horny  rays,  cut  through. 


the  two  halves  of  which  are  united  ventraliy  by  cartilage  or  fibrous 
tissue  (Fig.  83),  and  in  embryos  of  Ganoids  and  Teieosts  it  has 
at  first  a similar  structure. 

Later,  however,  in  both  the  last-named  groups,  a row  of  bony 
structures  arises  in  the  perichondrium  in  this  region  ; so  that  a 
Hcconclanj  or  bony  pectoral  arch  may  be  distinguished  from  a 
inimcvry  or  cartilaginous  one,  the  latter  becoming  less  marked  in 
proportion  to  the  development  of  the  former  (Fig.  84). 

The  free  extremity,  or  fin,  is  always  connected  with  the  hinder 
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and  outer  circumference  of  the  (primary)  arch,  convex  articulations 
being  formed  on  the  arch  which  fit  into  concctve  facets  on  the  fin, 
the  point  of  attachment  of 
which  may  be  taken  as 
separating  the  arch  into  an 
upper  dorsal  and  a lower 
ventral  section.  The  former, 
which  may  exceptionally  be 
connected  Avith  the  vertebral 
column  (viz.,  Raiidse),  cor- 
responds to  a scajmla,  and 
the  latter  to  a coracoid  plus 
procoracoid  of  the  higher 
Vertebrata.^ 

In  Teleosts  and  Bony 
Ganoids  the  bony  (secondary) 
arch  forms  the  principal 
support  of  the  fin  in  the 
adult,  the  main  element 
being  a large  clavicle.  The 
primitive  relations  are  thus 
much  altered.  The  arch 
becomes  secondarily  con- 
nected Avith  the  skull.  (For 
further  details,  compare 
Fig.  84.) 


JOi. 


Co(Cl) 


D 


Amphibia.  — In  this 
Glass  the  pectoral  arch 
shoAvs  no  direct  connection 
Avith  that  of  Fishes,  but  is 
similar  in  plan  to  that  of 
all  the  higher  Vertebrates. 


Fig.  84. — Lkft  Pector.il  Arch  and  Fin  ok 
THE  Trout.  (From  the  outer  side.) 

, D-,  chain  of  secondary  bones  of  tlie 
pectoral  arch  (clavicle  and  supra-claviele), 
whieh  is  connected  with  the  skull  by  means 
of  the  post-temporal  (Cm)  ; S and  Co(Gl), 
bony  scapula  and  coracoid,  which  have  be- 
come developed  in  the  cartilage  (Kn)  ; L 
foramen  in  scapula  ; J/i,  metapterygium  ; 
Ra,  Ra,  the  second  and  third,  and  4,  the 
foui'th  basal  element  of  the  fin  ; the 
second  cartilaginous  row  of  radii ; H8, 
bony  ray  on  the  border  of  the  fin  which 
is  connected  with  the  fourth  basal  element  j 
F,S,  bonj'  fin-rays,  shoAvn  cut  away  from' 
their  attachments. 


It  ahvays  consists  on  either  side  of  a 
cartilaginous  or  bony  dorsal  plate  {scctpida), 
Avhich  curves  round  the  side  of  the  body 
and  becomes  continuous  ventrally  Avith 
two  processes  an  anterior  (procoracoid^ 
and  a posterior  (coracoid)  (Figs.  85a  and  b). 
The  ventral  part  of  the  arch  becomes  con- 
nected with  the  sternal  apparatus  (com- 
pare Fig.  43).  The  humerus  articulates 
with  a concave  glenoid  facet  at  the  junc- 
tion of  the  scapula  and  coracoid.  The 
tAvo  coiacoid  plates  either  overlap  one 
another  in  the  mid-ventral  line  (Uro- 
I he  pectoral  arch  of  Dipnoans  is  intermediate  in  character  between  tlini  ef 
f^^Tanrp'itirtha't  iTeserS  h^re!"'  as  regards 


Fig.  8.5a. — Di.ujka.ai  ok  the 
(Ikound  Type  of  Pec- 
toral Arch  met  avith 
IN  all  VERTEI5RAT.A  FKO.AI 

Amphiiha  up  to  Mam- 
malia. 

S,  scapula ; C'o,  coracoid  ; 
Cl,  procoracoid  ; II,  hu- 
merus. 
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deles  and  certain  Anura — e.cj.,  Bombinator,  Fig.  43,  C),  or  else 
their  free  edges  come  into  apposition  and  fuse  together  (other 
Anura,  e.g.,  Rana,  sec  Fig.  43,  D).  In  Anurans  the  procoracoids 
have  a more  transverse  position  than  in  Urodeles,  and  come  into 


Fic.  Si)ii. — Fiun’oRAC  Ahcu  ok  tuk  Rioht  Side  of  Salamandru  maculosa, 
conHiderably  nmgnificd,  and  flattened  out. 

iS'.S',  .suj)ra-sea])uln  ; S,  scapula  (ossified) ; Co,  coracoid  ; Cl,  procoracoid ; a,  h, 
bony  processes  extending  into  the  ju'ocoi'acoid  and  coracoid  respectively  ; (•'. 
glenoid  cavity,  surrounded  l)j’  a rim  of  cartilage  [L). 


connection  with  the  coracoid  in  the  mid-ventral  line,  thus  giving- 
rise  to  a fenestra  between  the  two.  The  whole  arch  is,  moreover, 
more  strongly  ossified,  the  procoracoid  being  covered  by  an  invest- 
ing bone — the  clavicle. 


Reptilia. — -In  Reptiles  the  ossification  is  still  more  marked. 
The  simplest  condition  of  the  shoulder-girdle  is  seen  in  Chelonians 

(Fig.  8G),  in  which  its  similarit}^  to 
that  of  Amphibians  as  well  as  to  that 
of  Hatteria  is  at  once  seen  : no  clavicle 
is  developed. 

In  other  Reptiles  the  same  general 
plan  is  retained  with  modifications. 
Thus  in  Lizards  (Fig.  44)  the  well- 
developed  clavicle  is  more  indejfen- 
dent  of  the  rest  of  the  arch  and 
becomes  ossified  directly,  forming  a 
delicate  secondary  bony  lamella  ex- 
tending from  the  scapula  to  the  apex 
of  the  episternal  apparatus.  But  it 
must  be  remembered  that  the  un- 
differentiated cells  of  which  it  at 
first  consists  are  in  direct  continuity  with  those  which  form 
the  scapula.  Unossified  spaces  are  left  in  the  coracoid,  giving 


Fig.  86. — Pectoral  Arch  of  a 
Cheloniax.  (Ventral  view. ) 

S,  scapula ; Co,  coracoid ; C6^,  epi- 
coracoid  ; Cl,  procoracoid  ; B, 
fibrous  band  between  these  two 
elements ; Ft,  fenestra  between 
them  ; G,  glenoid  cavity'. 
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rise  to  lenestra^  closed  over  by  fibrous  membrane.  In  Crocodiles 
and  Chameleons  the  clavicles  are  either  wanting  or  rudimentary. 

llie  jjresence  of  n pectoral  arch  in  numerous  footless  Reptiles  (certain 
bkinks,  Ainpliisbmnians)  indicates  that  they  formerly  possessed  extremities  ; 
rudiments  of  the  latter  may  even  be  seen  in  the  embryo  though  they 
disiippear  entirely  later  on  {Angitis  fragilis).  (For  the  peculiar  pectoral 
arch  of  the  Stegocepliala,  see  Fig.  40.) 

Birds. — In  Birds,,  the  scapula  consists  of  a thin  and  narrow 
plate  of  bone  often  extending  far  backwards,  the  strong  coracoid 
being  bent  at  a sharp  angle  with  it  in  all  Carinate  Birds 
(Fig.  41).  The  lower  end  of  the  latter  is  firmly  articulated 
in  a groove  on  the  anterior  edge  of  the  sternum. 

In  almost  all  Flying  Birds  the  clavicle  is  well  developed,  and 
becomes  united  with  its  fellow  to  form  st  fm'mla  (comp.  p.  63  and 
Fig.  41).  It  is  formed  as  a membrane  bone  investing  a band  of 
cartilage  present  in  the  embryo  in  this  region. 

Amongst  the  Cursorial  Birds,  the  Emeu  and  Cassowary  possess 
rudimentary  clavicles  ; in  the  others  they  a.re  wanting.  They  have 
also  undeigone  reduction  in  sorne  Carinate  Birds  (e.g.,  certain 
Parrots).  ^ 

Mammals,  In  Monotremes  only  amongst  Mammals  does  the 
coracoid  extend  ventrally  to  reach  the  sternum  (Fig.  48)  ; in  all 
other  members  of  this  Class  it  characteristically  becomes  reduced, 
and  simply  forms  a prominent  process  on  the  scapula  {coracoid 
process),  which  becomes  ossified  from  a separate  centre.^ 

Thus  the  scapula  alone  serves  to  support  the  extremity ; it 
becomes  at  the  same  time  greatly  broadened  out,  and  gives  rise  on 
Its  outer  side— in  connection  with  the  highly  differentiated  muscles 
of  the  limb  to  a strong  ridge  (spina  scapulas),  which  extends 
downwards  to  form  the  so-called  acromion.  The  distal  end  of  the 
clavicle  usually  becomes  connected  with  the  acromion,  its  proximal 
end  articulating  with  the  anterior  edge  of  the  sternum. 

In  those  Mammals  in  which  the  fore-limbs  are  capable  of  very 
varied  and  free  movements,  the  clavicles  are  strongly  developed 
in  others,  such  as  the  Carnivora  and  Ungulata,  they  may  be  en- 
tirely wanting  or  only  rudimentary,  and  in  the  latter  case  their 
relations  to  the  scapula  become  altered. 


Pelvic  Arch. 

Ir.  first  rudimente^^  of  a pelvis  are  seen 

m Cartilaginous  Ganoids,  amongst  which,  however,  they  present 
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become  segmented  off  from  the  basal  cartilage  (basi-  or  onetaptery- 
gium)  of  the  free  fin.  In  some  cases  even  this  segmentation  does 
not  take  place,  and  thus  the  pelvis  remains  undifferentiated.  This 
simple  condition  is  also  met  with  in  the  ancient  forms  Pleura- 
canthus  and  Xenacanthus,  and  is  essentially  retained  in  Lepi- 
dosteus,  Amia,  and  the  Teleostei  (Fig.  87). 

In  Polypterus,  which  most  nearly  resembles  the  Devonian 
CrossoiDterygii,  the  pelvis  shows  some  advance  on  that  of 
Sturgeons.  Owing,  doubtless,  to  the  necessity  of  a firmer  connec- 
tion of  the  fin  with  the  body-wall,  the  two  pelvic  plates  become 


,S7. — DlA(iJ{.VI\IH  lU.USTKATING  TIIK  PjIVLOOENY  OF  THE  1’ELVLS. 

A,  l^leuracanfhuH — the  pelvis  is  here  undifferentiated  tt  ; I>,  Scaphirliyndiiu^ 
rataphrartnn ; C,  Polyptcrna  hichir ; D,  Nectiirus  (Menobranchus/.  Bafi\ 
hasipterygiuin  ; Ap,  its  cartilaginous  apophysis  ; P,  pelvis ; Pad,  radii  ; 
Po,  obturator  foramen. 


united  together  in  the  mid-ventral  line  (Fig.  87,  C)  : but  even  here 
the  basipterygium  may  remain  in  continuity  with  the  pelvic  plate 
on  one  or  both  sides.  In  spite,  however,  of  the  rudimentary 
character  of  the  pelvis  of  Polypterus,  the  essential  form  of  that  of 
the  Dipnoi  and  Amphibia  is  already  sketched  out. 

The  pelvis  of  the  Elasmobranchii  and  Holocephali  indicates  that 
they  early  branched  off  from  the  ancestral  stock.  Instead  of 
a small  and  narrow  pelvic  plate  more  or  less  elongated  antero- 
posteriorly,  the  pelvis  forms  a transverse  bar  of  considerable 
extent,  developed  in  connection  with  the  basipterygium  (Fig.  82) ; 
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it  is  perforated  by  nerves,  and  gives  rise  on  either  side  to  an  iliac 
process  (most  marked  in  Holocephali)  extending  into  the  lateral 
walls  of  the  body  (Fig.  88). 

In  all  the  above 
cases  we  may  look 
upon  the  pelvic  plate 
as  essentially  corres- 
ponding, more  or  less 
completel}’',  with  the 
ischio-^mhis  of  higher 
forms. 

Dipnoi.  — The 

small  cartilaginous 
pelvic  plate  (Fig.  89) 
is  provided  with  a 
long  and  delicate  an- 
terior median,  a short 
posterior  median,  and 
two  jDairs  of  lateral 
processes.  Of  the 
latter  the  anterior 
(prepubic  processes)  vary  much  in  form  and  length,  being  much 
longer  in  Protopterus  than  in  Ceratodus,  and  each  is  ernbedded 

in  an  intermuscular  septum ; 
with  the  posterior  the  skeleton 
of  the  free  fin  is  articulated  by 
means  of  an  intermediate  piece. 
The  anterior  unpaired  process 
must  be  looked  upon  as  an 
epipubic  process,  corres]3onding 
with  that  of  Amphibians,  Rep- 
tiles, and  Mammals  (pp  113 
115,121). 

Amphibia.  — Urodela.  — It 
will  be  seen  by  a glance  at 
Fig.^  87,  1),  that  the  ventral 
portion  of  the  pelvic  arch  of 
Necturus  is  formed  on  the  same 
plan  as  the  pelvic  plate  of  the 
Dipnoi  and  Orossopterygii,  but, 
as  in  all  Urodela  and  Amniota, 
it  is  pei’forated  by  the  obturator 
nerve  : this  indicates  a further 
lateral  extension.  Like  the 
pelvis  of  all  Vertebrates,  it  has 
a paired  origin,  and  in  Proteus 
and  Amphiuma  this  is  indi- 
cated by  the  fact  that  its 


Fio.  89.— Pelvis  OF (Fi-oni 
the  ventral  side.) 

«,  pi  epuhic  process,  which  may  become 
loiked  at  its  distal  end  ; b,  process 
/ rrm  • hinder  extremity 
(y/A)  IS  attached  ; Or,  sharp  ridge, 
tor  attachment  of  muscles  : c,  eiii- 

i/t' M,  myotonies  ; 
, M , mternuiscHlar  septa. 


PP  Cep 

: BP  ; 


Bl , Pelvic  plate  (ischio-pubis)  ; I,  iliac  process  ; 
/ 1 , prepubic  process  ; Cep,  ejiipubic  process  , 
By,  region  of  the  ischiopiibic  s^'inphysis  ; Fo^, 
obturator  foramen  ; Jicis,  Pro,  Rad,  basiptery- 
gimn,  propteiygium,  and  radii  of  the  fin. 


Fi(i.  90. — Pelvis  OF  (A)  Pr-otens  ; (ii)  Amphiuma  ; (0)  Cri/])lohrandius  ; and  (U) 
Salamandra  maculosa.  (From  tlie  ventral  side.) 


J P,  JP^,  IP,  ventral  pelvic  plate  (ischio-pubis);  **  (in  A),  ossified  region  of  the 
iscliiiun;  PP,  prepubis  ; ft  {Cep),  Ep,  epipubis  ; **  (in  C and  D)  secondary 
liifurcation  of  the  epipubis ; 2,  outgrowth  from  this  bifiu’cation  ; + (in  G),  hypoi- 
schiatic  process,  jire.sentin  the  Derotremata  and  Neetiu'us  ; /S'y,  symphysis,  in 
which  region  a strong  tendinous  area  {SH)  exists  in  Amphiuma,  the  pubie 
regions  only  coming  togetlier  in  the  middle  line  at  * ; Fo,  Fo^,  obturator  fora- 
men ; Ac,  acetabulum  ; ./, I,  P,  ilium  ; Lalh,  linea  alba  ; My,  intermuscular 
septa  ; Cr,  {Sy),  muscular  ridge  on  tlie  ventral  side  of  the  iscliio-pubis. 
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I).  the  ft teST":  '""J"'"™'’  «<»  ^ 

I.  D-I,  t™.  ventral  eule.  (Fig,,  h".;" i SS'iT.Z")"  ' 

pubic  '•  fuecil  ischio- 

from  its  ’felC  an  ^ S tl  rpZ^"v  a -bicli  i;  sepai'ate" 

acetabulum.  ^ + -shaped  zone  of  cartilage.  1,  * ; Ar, 
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anterior  epipubic  process  is  paired  tlirougliout  life  (Fig.  90,  A,  B). 
In  the  Derotremata  and  Myctodera,  on  tire  other  hand,  the 
epipubis  is  unpaired  from  the  first,  owing  probably  to  an  abbrevia- 
tion of  development,  its  anterior  end  becoming  bifurcated 
secondarily  (Fig.  90,  C,  D). 

As  in  Fishes  and  Dipnoans,  the  two  halves  of  the  ischio-pubic 
region  tend  to  fuse  together  in  the  middle  line  to  form  an  un- 
paired pelvic  plate,  but  all  kiuds  of  modifications 
occur  in  this  respect  iir  adaptation  to  the  move- 
ments of  the  hind-limb  in  different  forms  ; and, 
as  in  all  cases  the  median  zone  of  the  plate 
represents  the  line  of  least  resistance,  the  lateral 
halves  may  eventually  become  more  or  less  dis- 
tinct from  one  another.  The  effect  of  the  action 
of  the  muscles  becomes,  however,  greater  when 
the  iDubic  region  is  more  distinctly  marked  off 
from  the  ischium,  and  ossification  takes  place 
in  it  (c._(7.,  Salainaudra  atra  and,  more  rarely,  S. 
maculata).  Thus  the  typical  triradiate  arrange- 
ment of  the  pelvis  (ilium,  ischium,  and  imlis), 
such  as  is  further  differentiated  in  certain  Stego- 
cephala  (Di.scosaurus)  and  in  Reptiles,  as  well 
as  in  Xenojms,  is  already  sketched  out  (Fig.  91). 

An  important  difference  between  the  pelvis 
of  Ganoids  and  Dipnoans  and  that  of  Amjdiibians 
is  seen  in  the  marked  .development  of  the  iliac 
rc(/ion  in  the  latter  group.  The  ilium,  like  the 
scapula,  extends  upwards  in  the  lateral  walls  of 
the  body  (compare  the  iliac  process  of  Elasmo- 
branchs.  Fig.  <Sb),  and  in  Proteus  and  Amphiuma, 
owing  to  the  reduction  of  the  limbs  in  these 
forms,  does  not  reach  the  vertebral  column  (Fig. 

90,  A,  B).  In  all  other  Amphibia,  as  in  the 
Amniota,  it  comes  into  connection  with  the 
sacrum  (p.  45),  owing  to  the  necessity  for  the 
hind-limb  to  act  as  a support  for  the  body  in 
terrestrial  animals,  and  not  merely  as  an  organ 
of  propulsion,  as  in  Fishes. 

Anura. — The  pelvis  of  the  Anura  differs  from 
thatof  Urodela  in  the  following  characteristics.  In  correspondence 
with  their  mode  of  progression,  the  ilium  of  each  side  becomes 
extended  so  as  to  form  a long  rod  (Figs.  91  C,  92) ; and  the  flat 
pelvic  plate,  which  in  Urodeles  lies  in  the  plane  of  the  abdominal 
walls,  becomes  closely  pressed  together  in  the  middle  line  and  gives 
rise  to  a well-marked  ventral  keel : it  is  not  perforated  by  the 
obturator  nerve.  The  pubic  region,  moreover,  though  often  calcified, 
is  independently  ossified  only  in  the  case  of  Xeiiopus  (Fig.  91,  A,B). 

Reptiles. -^The  chief  characteristics  of  the  Reptilian  pelvis  as 


Fi(!.  02.  — Pelvic 

Arch  of  Fhoc! 
( Rana  eurnhnla). 
F roiii  bclovv. 

J,  t/f  ilium  ; Ik,  i.s- 
cliiuin ; P,  carti- 
laginous pubic 
region  ; Cr,  Mie 
median  ventral 
i s e li  i o - p u b i c 
crest ; G,  aceta- 
bulum ; Oc,  uro- 
style ; Pt,  trans- 
verse process  of 
sacral  vertebra. 
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the  College  W ^ Su.iemr.*’  restoration  i 

Animahs;  (J,  after  lyAi-ov’Tl  ’ Ifiixleys  Anatomy  of  Vertebrate 

Hatteria.  ^ T-hoinpson  ; I),  Lahyrinthodon  riitvmeyeri ; P 


^it'hh;n(7)/iS'-^  epipubic_ cartilage  ; h 


iHcniuin:y,  ilium  • + + ‘ i -“'c ^ ’o^  obturator  foramen;  Is, 

becomes  seLonent;;it;fVfr.;;Z^^^^^  P-cess.  which 
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Fig.  94. — Pelvic  Arch  of  Various  Cheloni.vxs.  (From  the  ventral  side.)  A, 
Macroclidys  (after  G.  Baur) ; B,  median  pelvic  cartilage  of  Chelys  fimhriata  ; 
C,  the  same  of  Emydura  ; D,  Sjiharcjis  coriacea  (after  Hoffmann) ; E,  Testndo  ; 
F,  Chelone. 

Cep,  epipuLic  cartilage  ; Hpis,  liypoischiatic  process  ; P,  pubis  ; PP,  prepubis  ; 
Is,  ischium  ; Fojn,  ischio-pubic  foramen. 


compared  with  that  of  Amphibians  consist  in  : — (1)  a much  more 
marked  differentiation  of  the  pubis,  which  is  more  distinctly 
separated  from  the  ischium  by  an  ischio-pubic  foramen ; (2)  the 
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greater  development  of  the  ilium,  which  is  sometimes  broadened 
out  at  its  vertebral  end  ; and  (3)  the  more  intense  and  solid  ossifica- 
tion of  the  arch  as  a whole. 

Points  of  connection  with  the  pelvis  of  Amphibians  are  seen  in 
Palaeohatteria,  the  Plesiosauria,  Hatteria,  Telerpeton,  and  the 
Chelonia  (comp.  Figs.  93  and  94),  while  the  pelvis  of  the  Ichthyo- 
sauria  approaches  that  of  the  Lacertilia.  In  the  latter,  and  still 
more  in  the  Crocodilia  and  Dinosauria,  the  pelvic  arch  is  much 


Fig.  95. — A,  Loxgitudisal  Horizontal  Section  through  the  Ventral  Part 
OF  THE  Pelvis  of  an  Embryo  of  Lacerta  agilis,  32  mm.  in  Length.  B, 
Pelvis  of  Lacerla  vivipara.  (From  the  ventral  side. ) 

Ep,  epidermis  ; P,  pubis  ; PP,  prepubis  ; In,  ischium,  forming  a symphysis  at 
Sin  ; Hpis,  hypoischium,  which  becomes  segmented  off  from  the  hinder  ends 
of  the  ischia  in  the  embryo  as  a paired  structure  ; f,  dense  mass  of  emliryonic 
tissue  ; I,  ilium,  with  its  small  preacetabular  process  +f,  whicli  is  much 
more  strongly  developed  in  Crocodiles,  Dinosaurians  and  Birds  ; Ac,  aceta- 
bulum, in  which  the  three  pelvic  bones  unite  together  so  that  the  sutures 
between  them  become  obliterated  ; IV,  obturator  foramen  ; Cep,  epipubis, 
composed  of  calcified  cartilage  ; Lg,  fibrous  ligament. 


more  highly  differentiated ; while  in  Snakes,  on  the  other  hand,  it, 
like  the  pectoral  arch,  is  entirely  wanting. 

In  Hatteria  (Fig.  93  E)  there  is  a marked  epipubis  and  a hypo- 
ischiatic  process  continuous  with  the  epipubic  cartilage,  and  the 
prepubic  processes  are  strongly  developed.  The  obturator  and 
ischiopubic  foramina  are  distinct  from  one  another,  and  not  united 
into  one,  as  in  Chelonia.  (For  the  various  modifications  seen  in 
the  pelvis  of  the  latter  Order,  more  particularly  as  regards  the 
relative  development  of  the  epipubic  and  prepubic  processes  and 
the  relations  of  the  ischium  and  pubis,  compare  Fig.  94.) 
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The  pelvis  of  the  typical  Lacertilia  (Fig.  95  B)  is  characterised  by 
a lightness  of  build.  The  rod-like  pubis  and  ischium  are  separated 
from  one  another  by  large  ischiopubic  foramina,  and  between  them 
in  the  middle  line  is  a longitudinal  fibro-cartilaginous  ligament, 
continuous  anteriorly  with  the  plug-like  epipubic  cartilage  and 
posteriorly  with  the  h5’-poischiuin.  This  tract  represents  the 


Fici.  !)(). — Pklvis  ok  a Youno  Allujalor  luc.iuH.  (A,  ventral,  and  B,  side  view.) 

II,  ilinin  ; Is,  iscliinm  ; /■’,  pubis  ; Sy,  symphysis  of  ischium  ; F,  ischio-pubic 
foramen  ; JJ,  fibrous  band  between  the  symphyses  pubis  and  ischii ; pars 
acetabularis,  which  is  interposed  between  the  process  a of  the  ilium  and  the 
pid)is  ; h,  foramen  in  the  acetabulum,  bounded  posteriorly  by  the  two  pro- 
cesses, a and  h,  of  tlie  ilium  and  ischium  respectively;  *,  indication  of  a 
forward  growth  of  the  ilium,  such  as  is  met  with  in  Binosaurians  and  Birds  ; 
a,  acetabulum  ; I,  II,  first  and  second  sacral  vertebr® ; M,  fibrous  mem- 
brane extending  between  the  ant  rior  margin  of  the  pubis  and  the  last  pan 
of  ‘ ‘ abdominal  ribs  ” {BR. ) 


remnant  of  the  median  ends  of  the  pubis  and  ischium  which 
are  present  in  the  embryo  (Fig.  95  A) ; and  thus  in  this,  as  in 
certain  other  respects,  the  pelvis  of  the  Lacertilia  may  be  said  to 
pass  througb  a Hatteria-like  stage  in  the  course  of  development. 
The  epipubis  and  hypoischium  arise  as  paired  rudiments.  The 
ilium  in  some  cases  is  almost  vertical  in  position  : in  others  it  is 
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more  oblique,  sloping  upwards  and  backwards  from  the  aceta- 
bulum. 

The  pelvis  of  Crocodiles  exhibits  special  characteristics  and  is 
of  particular  interest,  as  in  some  points  it  resembles  that  of 
certain  extinct  forms.  The  pubes,  which  have  at  first  a triins- 
verse  position,  become  later  directed  forwards  much  more 
markedly  than  in  Chelonians  and  Lizards,  and  thus  the  ischio- 
pubic  foramina  (in  which  the  obturator  foramina  are  included)  are 
very  wide,  and  are  separated  from  one  another  by  a fibrous  cord 
(Fig.  96).  A symphysis,  both  of  the  pubis  and  ischium,  is  formed, 
but  the  former  is  not  present  in  the  adult.  The  acetabulum  is 
perforated,  and  the  pubis  is  separated  from  it  by  a cartilaginous 
pars  acetabular  is,  not  represented  in  lower  Vertebrates,  formed 
from  the  acetabular  process  of  the  ilium.  The  epipubis  is 
possibly  represented  by  a cartilaginous  apophysis  at  the  anterior 
(distal)  end  of  the  pubis,  but  it  never  becomes  separately 
differentiated. 

The  ilium  becomes  greatly  broadened  out  in  the  antero- 
posterior direction  dorsally,  where  it  is  attached  to  the  sacrum  ; and 
this  is  of  special  interest  as  a similar  extension  of  the  ilium 
occurs  still  more  markedly  in  Dinosaurians  and  Birds  (Fig.  97). 

Birds. — The  pelvis  of  Birds  is  chiefly  characterised  by  the 
relatively  large  development  of  the  iliac  region  and  by  the  position 
of  the  delicate  pubis,  which  in  the  course  of  development  becomes 


Fig.  'CTi ov  AjMryx  axiHlralU.  Lateral  view.  (After  Marsh. ) 

ilium  ; ix,  ischium  ; <p,  spinous  process  from  the  pars  acetabularis  ; pubis  ; 

a,  acetabulum. 

directed  backwards,  parallel  to  the  ischium  and  post-acetabular 
process  of  the  ilium,  and  is  often  united  with  the  ischium 
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(CarinatEej,  The  preacetabular  portion  of  the  ilium  extends  for- 
ward for  a considerable  distance,  and  a number  of  vertebrae 
belonging  to  other  than  the  true  sacral  region  become  secondarily 
connected  with  the  ilium  (see  ]d.  48).  The  acetabulum  is  per- 
forated, and  the  pars  acetabularis  (p.  119)  forms  a spinous  process. 
The  elements  of  the  pelvis  usually  become  anchylosed  together. 
The  pubis  meets  its  fellow  in  the  middle  line  only  in  Struthio, 
and  the  ischium  only  in  Rhea. 

Mammals. — The  elements  of  the  pelvis  here  remain  separated 
for  a long  time  by  cartilage,  but  later  they  become  fused  together. 
The  pubis  always  takes  less  jDart  in  the  formation  of  the  aceta- 
bulum than  do  the  other  two  bones,  and  may  be  more  or  less 
entirely  shut  out  from  it  by  an  ossification  of  the  pars  acetabularis, 
which  subsequently  unites  Avith  either  the  ilium,  ischium,  or 
pubis  (Figs.  98  and  99).  This  aeetabnlar  hone  is  especially  Avell 
developed  in  the  Mole,  in  which  it  shuts  the  ilium,  as  well  as  the 
pubis,  out  of  the  acetabulum  ; the  latter  is  jDerforated  in  Mono- 
tremes.  The  angle  between  the  axes  of  the  ilium  and  sacrum  is 
large  in  Ornithorhynchus,  and  more  acute  in  other  Mammals. 

The  original  type  with  both  pubic  and  ischiatic  symphyses  is  ■ 
seen  in  Monotremes,  Marsupials  (Fig.  100),  many  Rodents,  In- 
sectivores  and  Ungulates.  In  many  other  Insectivores,  in  Carnivores, 
and  more  particularly  in  the  Primates,  the  ischia  no  longer  meet 
below.  The  greatest  amount  of  variety  in  the  form  of  the  pelvis 


Pig.  98. — External  View  of  the 
Right  Half  of  the  Human 
Pelvis.  (From  the  outer  side.) 

The  three  bones — ilium  (II),  ischium 
(7.9),  and  pubis  (P) — are  shown  dis- 
tinct from  one  another  in  the 
acetabulum.  Fo,  obturator  for- 
amen. 


Fig.  99. — Diagram  showing  the 
Relations  of  the  Pars  Aceta- 
bularis (in  Viverra  civetla). 

J,  ilium ; Js,  ischium ; P,  pubis ; 
A,  acetabular  bone  ; Ac,  aceta- 
bulum. 


in  any  one  order  is  seen  in  Insectivores,  in  some  of  which  {e.g., 
Mole),  as  well  as  in  most  Bats,  there  is  no  symphysis  pubis.  The 
obturator  foramen  is  always  surrounded  by  bone. 
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In  V hales,  in  whicli  hind-limbs  are  wantins^,  paired  rudiments  of  the 
ischio-pubic  region  of  the  pelvis  are  present.  They  are  unconiiected  with 
one  another  and  with  the  vertebral  column. 


In  Monotremes  and  Marsupials  of  both  sexes,  two  strong  so- 
called  “marsupial  bones”  (Fig.  1001  arise  from  the  anterior 
border  of  the  pubes,  right  and  left  of  the  middle  line,  and  extend 
forward  in  a straight  or  oblique  direction  embedded  in  the 


1 10.  100.— Pelvis  of_A,  Echkbm  hy^rix  (Adult),  and  B,  Dkldpliy>i  azarm 
(rcETUs,  o‘o  CM  IN  Length).  (Froiu  the  ventral  side.) 

epipubis  (‘‘marsupial  bone”)  ; P,  pubis;  Sy,  ischiopubic  symphysis; 
ischium  , ./  ilium  ; Fobt  obturator  foramen  ; Tuh.il.p,  ilio-pectineal  Uibercle  ’• 
and  Ar/  ligament  between  the  pubis  and  epipubis  ; **,  cartilaginous’ 
apophysi^at  the  anterior  end  of  the  epipubis.  ” 

In  hig.  A,  +*  t,  t+,  ilio-  and  ischio-pubic  sutures  ; process  on  the  anterior 
border  of  the  piibis  ; GTI,  articulation  between  the  pubis  and  epipubis  • Th 
cartilaginous  tuber  ischii.  ^ ^ ’ ’ 

In  Fig.  B,  6,  cartilaginous  base  of  the  epipubis,  continuous  with  the  inter- 
pubic  cartilage  at  f ; *+,  ischio-pubic  and  ischio-iliac  suture. 


body-walls.  They  form_  an  integral  part  of  the  pelvis,  and  in  the 
embryo  are  seen  to  be  in  direct  connection  with  its  cartilaginous 
symphysis  ; but  later  on  articulations  are  formed  between  them 
and  the  pubes.  There  can  be  no  doubt  that  these  structures  are 
the  homologues  of  the  epipubis  of  lower  Vertebrates,  which  has 
been  retain^ed  in  non-placental  Mammals  in  order  to  serve  as  a sup- 

Pich  (p  the  marsupial 
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Fuee  Limbs. 


Fishes  and  Dipnoans. 

lu  the  following  description  the  pelvic  fin  will  be  considered 
before  the  pectoral,  as  it  usually  retains  a simpler  and  more 
primitive  form.  v 

.t  Masmobranchii  and  Holocephali. — The  cartilaginous  skeleton  of 
the  fins  is  the  most  richly  segmented  in  these  Fishes.  There 

are  usually  two  main  elements  (basalia) 
in  the  pelvic  fin  which  articulate  with 
the  arch  and  with  which  a variable 
number  of  segmented  rays  (radii)  are 
connected,  the  latter  passing  towards 
the  peri]ihery  of  the  fin  (Fig.  88).  Both 
the  larger,  posterior  main  element  (bctsi- 
or  meta^pterycjmm),  and  the  smaller, 
inconstant  proptery()mm  must,  as  al- 
ready stated  (p.  1U5),  be  looked  upon 
as  originating — phylogenetically,  at  any 
rate — by  a fusion  of  the  proximal  ends 
of  the  primary  cartilaginous  rays  of  the 
fin;  and  the  form  and  relations  of 
these  main  elements  vary  according  to 
the  degree  in  which  such  a fusion 
has  taken  place.’-  This  is  also  true 
as  regards  the  pectoral  fin,  in  which  an 
additional  basal  piece,  or  mcsoptcry- 
yium,  is  usually  jiresent  between  the 
pro-  and  metapterygia,  and,  like  these, 
articulates  with  a special  convexity  on 
the  pectoral  arch  (Fig.  83)  : there  may 
even  be  four  basalia.  These  compli- 
cations arise  in  connection  with  the 
greater  importance  of  the  pectoral  than 
the  pelvic  tin  as  an  organ  of  locomotion. 
The  distal  portions  of  both  fins  are 
supported  by  horny  fibres  (p.  103). 
With  the  exception  of  one  (Fig.  83,  t) — 
or  at  most  of  very  few — all  the  rays  are 
situated  on  the  same  side  of  the  basalia 

{imiserial  type). 

Dipnoi. — The  cartilaginous  pectoral  and  pelvic  fins  are  here 
also  essentially  similar  to  one  another,  the  latter  being 
rather  the  simpler  of  the  two.  From  a segmented  main-ray  or 

^ In  male  Elasmobranchii  and  Holocephali  a nuinljer  of  pieces  of  cartilage  are 
connected  with  the  distal  end  of  tlie  metapterygium  of  the  23elvic  fin  as  a support 
for  tlie  copulatory  organs  or  claspers  : these  may  become  more  or  less  calcified. 


FU!. 


1 01 . — PKCTOK.VL  Fin 
CtrutoduH  fosttri. 


OF 


a,  b,  the  two  first  segments  of 
the  main  axial  ray  ; +,  t, 
lateral  raj's ; FS,  horny 
rays,  shown  only  on  one 
side. 
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axis  a number  of  segmented  secondary  rays  aidse  on  either  side  in 
Ceratodus : these  are  not,  however,  strictly  symmetrical  (Fig.  101). 
Beyond  them  horny  rays  are  present,  as  in  Elasmobranchs.  A 
proximal  (basal)  segment  of  the  axis,  which  bears  no  rays,  articu- 
lates with  the  arch.  In  Protopteriis  and  Lepidosiren  the  fins,  with 
their  skeleton,  have  undergone  a marked  reduction,  so  that  little 
more  than  the  segmented  axis  remains. 

Thus  the  fins  of  Dipnoans  differ  from  those  of  Elasmobranchs 
(as  well  as  of  Ganoids  and  Teleosts)  in  being  formed  on  a hisericd 
type. 

Ganotdci.  The  .skeleton  of  the  fin  is  much  simpler  and  the 


I-I\ , cartilaginous  radii  connected  with  the  arch  • n r,  i i i 

"n  connected  with  the  most  posterior  ray  (/F^in  'I,  HI 


KanS  rii^imber  in  Ganoids  than  in  Elasmo- 


In  the  pelvic  fin  of  cartilaginous  Ganoids  more  or  fewer  of  the 
radn  unite  together  proximally  to  form  a basale,  which  is  perforated 

S'"  plate  becomes 

f In  f E)-  It  IS  important  to  bear  in  mind 

that  the  distinction  between  an  axis  and  secondary  rays  cannot 
here,  therefore,^  be  strictly  recognised,  and  the  fin”  is  thus  mm-c 
primitive  than  in  Elasmobranchs. 

c “ disappeared  in 

xne  pectoral  fin  of  cartilaginous  Ganoids,  which,  howev^  consists 

PolyoZ?krro2"Af  Th-  -acl.Ihe’rh' 

^uiyuuon  (^hig.  and  five  in  Acipenser. 

In  the  pectoral  fin  of  Amia  ('Fin-  109  P.'i 
...arginal  rays  articulate  r.ith 
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intennediate  ray  reaches  the  arch  : this  condition  maybe  compared 
with  that  seen  in  the  highly-developed  pectoral  fin  of  Polypterus 
(comp.  Fig.  iOo). 

The  form  of  the  pelvic  fin  in  bony  Ganoids  may  he  easily 
derived  from  that  seen  in  the  cartilaginous  representatives  of  this 
Order,  hut  the  number  of  radii  is  greatly  reduced  (Fig.  87).  The 

rays  supporting  the  distal  part  of 
^ both  pairs  of  hns  are  bony  (comp. 

p.  1 03). 

Teleostei. — A still  further  reduc- 
tion has  taken  place  in  the  jarimitive 
skeleton  of  the  paired  fins  in  Tele- 
osts,  thei’e  being  at  most  only  a few 
radials  articulating  with  the  arch 
(Fig.  84),  and  even  these  (especially 
in  the  case  of  the  pelvic  fin)  may  be 
wanting.  The  main  part  of  each  fin 
is  'supported  by  bony  rays,  as  in 
osseous  Ganoids.  The  skeleton  of 
the  fins  of  Siluroids,  Cyprinoids, 
and  Gymnotidse  comes  nearest  to 
that  of  Ganoids. 

Phylogeny  of  the  Ichthyopterygium. 

Two  essentially  different  views 
exist  as  to  the  i^rimitive  form  of 
fin-skeleton  in  Fishes.  As  already 
mentioned  on  p.  106,  Gegenbaur 
Ijostulates  a hiserial  fin  as  the  primi- 
tive type  (archipterygium),  Avhich 
is  most  clearly  retained  in  Cera- 
todus.  He  supposes  that  the 
uniserial  form  has  been  derived 
from  this  by  a reduction  of  the  rays 
on  one  side  and  a further  develop- 
ment of  those  on  the  other.  The 
axial  ray  of  the  biserial  fin  would 
thus  correspond  to  the  basi-  or 
metapterygium,  while  the  pro-  and 
mesopterygia  of  the  uniserial  fin  would  answer  to  special  develoiD- 
ments  of  the  proximal  ends  of  certain  of  the  rays  on  one  side  of  it. 

The  other  view,  which  seems  a far  more  probable  one,  is  that 
the  uniserial  type  is  the  more  primitive,  and  that  this  type  is  most 
nearly  retained  in  Elasmobranchs,  which  are  as  ancient  a group  as 
the  Dipnoans  and  which  have  not  passed  through  a Dipnoan  stage 
in  the  course  of  their  phylogenetic  development. 

Fig.  82  represents  the  mode  of  origin  of  the  Elasmobranch  fin 


Fin, 


103. — Pkctokau  Fin  ok 
Polypterus. 


Pr,  Ms,  Mt,  pro-,  meso-,  and  nieta- 
jiterj'giuin,  tlie  first  and  last 
mentioned  meeting  at  f,  so  that 
tlie'  mesopterygium  does  not 
reach  tlie  arcli ; 0»S'<S'.  centre 
of  ossification  in  MS  ; * part  of 
the  mesopterygium  which  ex- 
tends lietween  the  distal  end  of 
the  propterygium  and  the  first 
row  of  radii ; Nl,  nerve  for- 
amina in  the  mesopterygium  ; 
Ra,  Rd',  radii  ; FS,  bony  der- 
mal rays. 
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ill  accordance  with  this  view,  which  is  further  supported  by  many 
of  the  facts  stated  above  and  by  numerous  others  relating  to  the 
structure  and  development  of  the  fins  in  Fishes,  as  well  as  by  a 
study  of  such  fossil  forms  as  the  Palaeozoic  Cladoselache. 


GENERAL  CONSIDERATIONS  ON  THE  LIMBS  OF  THE 
HIGHER  VERTEBRATA. 

It  thus  appears  possible  to  derive  the  skeleton  of  the  fin  of  all 
the  orders  of  Fishes  from  a single  ground-type,  but  to  trace  the  con- 
nection of  the  latter  with  the  extremities  of  Amphibia  and  Amniota 
is  a far  more  difficult  task.  Between  these  two  types  of  limb  there 
seems  to  be  a wide  gap,  in  consequence  of  the  different  conditions 
of  life  existing  between  aquatic  and' terrestrial  Vertebrates:  we  do 
not  know  how  the  limb  of  an  air- 
breathing  Vertebrate  (cheiropiery- 
(jmm),  adapted  for  progression  upon 
land,  has  been  derived  from  the  fin 
{ichthyopterygium),  only  fitted  for  use 
in  the  water. 

Palaeontology  furnishes  no  answer 
to  this  question ; we  know  of  no 
fossil  intermediate  forms  of  limb, 
and  the  various  hypotheses  which 
have  been  put  forward  on  the  sub- 
ject cannot  be  discussed  here.  We 
may  suppose  that  when  the  primitive 
Amphibian  first  began  to  take  on  a 
terrestrial  mode  of  life,  its  fin,  which 
is  practically  a single-jointed  lever, 
amply  sufficient  for  the  movement  of 
tVio  Lr.fHr  in  a fluid  medium,  became 
transformed  into  a many- 
jointed  system  of  levers. 

In  other  words,  as  the  function  of  the  limb  was  no  longer 
simply  to  propel  the  body,  but  also  to  lilt  it  up  from  the 
ground,  the  firmly-connected  elements  of  the  skeleton  of  the 
fin  gradually  became  loosened  from,  and  placed  at  an  angle 
to,  one  another  (knee,  elbow),  definite  articulations  being 
formed  between  them  in  a proximo-distal  direction.  Moreover, 
the  extremity  must  have  changed  its  position  with  regard  to  the 
body,  so  that,  instead  of  projecting  horizontally  outwards,  it  became 
bent  downwards,  and  thus  the  angle  between  it  and  the  median 
plane  of  the  trunk  was  gradually  reduced,  until  in  Mammals  even- 
tually, the  longitudinal  axis  of  the  limb,  when  at  rest,  came  to  lie 
parallel  with  the  median  plane  of  the  body.  In  the  higher  types 
this  is  more  particularly  the  case  as  regards  the  posterior  ex- 


tne  Doay 
gradually 


Fig.  104. — Diagrammatic  Figures 

TO  SHOW  THE  RELATIONS  OF  THE 

Anterior  Free  Extremity  to 
THE  Trunk  in  Fishes  (A),  and 
THE  Higher  Vertebrates  (B). 

S,  pectoral  arch ; Mt,  metaptery- 
gium ; Bd,  radialia  in  A,  radius 
in  B ; Ul,  ulna  ; proximally  to 
Ul  and  Rd  is  the  humerus. 
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tremities,  the  anterior  undergoing  the  most  varied  adaptative 
modifications,  and  giving  rise  to  tactile,  prehensile,  or  flying  organs 
— or,  as  in  aquatic  Mammals,  becoming  once  more  converted  into 

The  limbs  of  all 
Vertebrata  may,  how- 


rowing  organs. 

O O 

the  higher 


JF 


10"). — SkKI.KTON  OKTIIK  PKillT 
FoHK-AUM,  (J.AKl'rS,  AND  Hand 
i)V Fialamaudra  maciiloHa.  (From 
a 1)0  VC.) 

1{,  radius ; U,  ulna  ; r,  radiule  ; i, 
■II,  intcrmcdio-ulmirc ; c,  cen- 
trale  ; 1 to  4,  first  to  fourth 
carpalia  (according  to  Emery, 
1 corresponds  to  the  cai-pal  of 
the  prepollex,  and  2 to  the 
common  carpal  of  digits  I and 
II) ; Mr,  Mr,  metacarpals ; 
Ph,  phalanges  ; / to  IV,  first 
to  fourth  fingers. 


ever,  also  be  reduced  to  a single 
ground-type. 

The  fore-  and  hind- limbs  show  a 
great  similarity  as  regards  the  form 
and  position  of  their  various  parts. 
A division  into  four  principal  sec- 
tions can  always  be  recognised : 
in  the  case  of  the  fore-limb  these 
are  spoken  of  as  ujiper  arm  {bracli- 
ivm),  fore-arm  (antibrachium),  wrist 
[carpus),  and  hand  [manus) ; and 
in  the  hind-limb  as  thigh  (femur), 
shank  [crus),  ankle  [tetrsns),  and 
foot  [pcs)  (Figs.  105,  lOG).  The 
bone  of  the  upper  arm  [laimerus) 
and  of  the  thigh  [femur)  is  always 
unpaired,  but  two  bones  are  present 
in  the  fore-arm  and  shank.  Tlie 
former  are  called  radius  and  ulna, 
and  the  latter  tibia  and  fibula.  The 
hand  and  foot  are  also  respec- 
tively divisible  into  two  sections,  a 
proximal  metacarpus  and  metatarsus, 
and  a distal  series  of  plialanejes, 
which  form  the  skeleton  of  the 
fingers  and  toes  [digits). 

Both  manus  and  2->cs  are  made 
uj)  of  several  series  of  cylindrical 
bones.  There  are  never  more  than 
five  complete  series,  which — except 
as  I’egards  number — j^i’^^ent  essen- 
tially similar  judmary  relations 
throughout  the  higher  Vertebi’ates. 
The  skeleton  of  the  carpus  and 
tarsus,  each  of  which  always  consists 
a series  of  small  cartilages  or 


of  a btJiiea  ui  omcm 
bones,  shows  much  variation;  but  the  following  may  be  taken 
as  a ground-type  (Figs.  105  and  106).  Round  a eentrale,  which 
may  be  double,  is  arranged  a series  of  other  elements,  ot 
which  three  are  proximal,  and  a varying  number  (four  to  six) 
distal.  The  proximal,  in  correspondence  with  their  relations 
to  the  bones  of  the  fore-arm  and  shank  respectively,  are  sj)oken  of 
as  radiale  or  tihiade,  xilnare  or  fihulare,  and  intermedium;  while  the 
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distal  are  called  carpalia  or  tarsalia  (in  the  narrower  sense).  They 
are  counted  beginning  from  the  ]3re-axial  (radial  or  tibial)  side  of 
the  limb. 


Ill 


IV 


Amphibia. — The  anterior  and  posterior  extremities  of  Urodela 
are  formed  essentially  on  the  ground-plan  described  above.  There 
are  usually  five  digits  in  the  hind-limb,  and  always  four  in  the 
fore-limb.  In  the  Anura  the  radius  and  ulna  become  fused  toofethei’, 
and  a separate  intermedium  is  wanting ; the  proximal  row  of  the 
tarsus,  moreover,  consists  of  only  two  cylindrical  bones,  one  of  which 
(astragalus)  corresponds  to  a tibiale,  and  the  other  (calcaneum) 
to  a fibulare.^ 

In  the  distal  row  of  the  carpus  four  separate  elements  are 
formed,  but  this  number  may  become  reduced  owing  to  secondary 
fusions  ; in  rare  cases  a fifth  carpal  may 
also  be  present.  Very  different  views 
exist  as  regards  the  homologies  of  the 
individual  carpals  of  Anurans.  In  the 
distal  row  of  the  tarsus,  tarsalia  II  and 
III  are  the  most  constant  elements, 
but  even  these  may  undergo  fusion ; 
tarsalia  IV  and  V are  generally  repre- 
sented by  a ligament ; and  tarsale  I 
usually  does  not  long  remain  distinct. 

In  Anura  the  metatarsals  and 
phalanges,  between  Avhich  the  web  of 
the  foot  is  stretched,  are  very  long  and 
slender.  The  femur,  as  well  as  the 
bones  of  the  shank,  which  are  fused 
together,  are  also  exceedingly  long,  in 
correspondence  with  the  mode  of  pro- 
gression of  these  animals.  The  skeleton 
of  the  extremities  is  more  strongly 
ossified  in  Anurans  than  in  Urodeles, 
in  which  many  of  the  elements  remain 
cartilaginous. 

Traces  of  an  extra  toe  (p>rchallu'jiS) 
occur  on  the  tibial  side  of  the  tarsus,  and  in  both  Urodeles  and 
Anurans  indications  of  an  additional  pre-axial  digit  in  the  manus 
are  occasionally  met  with.  The  number  of  phalano-es  on  the 
individual  digits  varies  in  different  Amphibians.  ^ 

Rudiments  of  tlie  extremities  can  be  recognised  externally  in  embryos  of 
the  limbless  Gymnophiona. 


Fig.  106. — Skegetox  of  the 
Shank,  Tarsus,  and  Foot 

OF  S2}e/er2)es  fmcuH. 

tb,  tibia  ; fb,  fibula  ; t,  tibiale  ; 
i,  intermedium ; /,  fibu- 
lare  ; r,  centrale ; 1 -5, 

tarsalia ; i-r,  digits. 


Reptiles,— Cheloiiians  and  Lizards  (and  more  especially  Hal- 
it is  possible  that  the  tibiale  and  fibulare  also  include  the  representatives  of 
other  elements. 
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teria)  ^ closely  resemble  Urodeles  in  the  structure  of  the  carjius, 
although  the  exact  homologies  of  all  the  different  elements  can- 
not yet  be  stated  with  certainty.  Five  digits  are  always  present 
in  both  manus  and  pes,  and  in  Chelonians  traces  also  of  the  former 
possession  of  an  extra  finger  both  on  the  radial  and  ulnar  side 
(“pisiform"’’)  are  to  be  seen  (Figs.  107,  108,  and  109).  The  tibia 
and  fibula  always  remain  separate. 

In  Crocodiles,  which,  like  Anurans,  possess  no  trace  of  an 
intermedium,  the  proximal  row  of  the  carpus  consists  of  two  hour- 
glass-shaped bones — a larger  radiale,  and  a smaller  ulnare  (Fig. 
110).  A rudiment  of  a sixth  ray  is  present  on  the  outer  side  of 


Fio.  107. — Caui’L'S  ok  a,  HaUcria  {Sphenodon)  punctata,  and  B,  Emydura 

IcreJ/Ui.  (After  IBaur. ) 

J{,  radius  ; U,  ulna  ; r,  radiale ; u,  ulnare ; i,  intermedium  ; ch  radial  centrale  ; 
c"-,  ulnar  eentrale  ; 1-5,  earpalia  ; p,  ulnar  sesamoid  (pisiform);  I-V,  tlie 
metaearpals. 


the  latter.  The  centrale,  as  in  Anura,  comes  to  be  situated  in  the 
distal  row,  which  is  much  less  developed  than  the  proximal. 

In  all  Reptiles  the  tarsus  undergoes  a marked  reduction, 
especially  in  its  proximal  portion,  and  gradually  leads  to  the 
type  seen  in  Birds.  Thus  in  Chelonians  and  Lizards  the  proximal 
tarsals  all  run  together  into  a single  mass  which  corresponds  to  the 
tibiale,  intermedium,  fibulare,  and  centrale,  and  the  last  mentioned 
element  can  no  longer  be  recognised  in  Lizards,  even  in  the  embryo. 
Traces  of  an  extra  radial  ray  are  present. 

In  the  distal  row  three  or  four  (five  in  Palseohatteria)  separate 
tarsals  are  developed,  but  these  may  unite  partly  with  one  another 

1 111  Hatteria  and  Clielydra  serpentina  amongst  existing  Reptiles,  a double 
centrale  is  present  in  the  carpus,  and  traces  of  a double  condition  of  this  element 
are  seen  in  certain  other  Chelonians. 
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(Chelonians),  and  partly  with  the  corresponding  metatarsals 
(I/izards) ; thus  there  is  an  increasing  tendency  for  the  niove- 
inent  of  the  foot  to  take  place  by  means  of  an  intertarsal  articula- 
tion, as  in  Birds. 

In  Crocodiles  there  are  two  bones  in  the  proximal  row  of  the 
tarsus,  one  of  which  corresponds  to  a tibiale,  intermedium,  and 
centrale,  the  other  to  a fibulare.  The  former  is  spoken  of  as  the 
astiagalus,  the  latter  as  the  calcaneum,  and  on  it  a definite  heel 
{calcaneal  process)  is  seen  for  the  first  time  in  the  animal  series. 


Fig.  108. — Right  C.\rpus  of  Emys 
europa>a.  (From  above.) 

/?,  Radius  ; U,  ulna  ; r.c,  fused  radiale 
and  centrale  (or  centrale  1 and  2, 
Baur)  ; i,  intennedium  ; n,  ulnare ; 
1-5,  the  cai-palia,  of  which  4 and 
5 have  become  fused  together ; f 
(radiale,  Baur)  and  *,  elements 
on  the  radial  and  ulnar  side  res- 
pectively, indications  of  additional 
radial  and  ulnar  (pisiform)  rays  ; 
I-V,  the  metacarpals. 


Fig.  109. — Left  Carpus  of 
Lacerta  agilis.  (From 
above. ) 

R,  radius ; U,  ulna ; u,  ul- 
nare ; i,  intermedium  ; r, 
radiale,  formed  by  the 
fusion  of  two  elements, 
one  of  which  corresponds 
to  a prepollex  ; c,  cent- 
rale ; 1-5;  carpalia ; f, 
ulna  sesamoid  (pisiform); 
I-V,  the  metacarpals. 


The  distal  row  consists  originally  of  four  small  cartilages,  but  these 
later  undergo  a partial  fusion. 

The  nuniber  of  phalanges  on  the  fourth  and  fifth  digits  in  the  manus  is 

SrSUdi  H h?  " I Crocodiles  than  in  the  adult.  ®This  indicates  that 
the  Crocodilia  have  been  derived  from  forms  possessing  a fin-like  fore-limb 

In  Ichthyosaurus  and  Plesiosaurus  the  limbs  are  modified  to  form  paddles 
the  digits  consisting  of  numerous  jihalanges,  and  additional  rays  beingdiresent 
m the  former  genus.  In  Pterodactylus  and  Rhampliorhynclius  the  fourth  finger 

Amongst  the  Lacertilia,  various  degrees  of  reduction  of  the  extremities 
may  occur,  and  in  certain  Snakes  (e.g.,  Python)  traces  of  the  hind-limbs  exist. 

1 Birds  is  considerably  modified  by 

adaptation  for  flight.  Ihe  manus  loses  its  primitive  character  and 
undergoes  reduction,  while  the  brachium  and  antibrachium,  as 
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well  as  the  entire  pectoral  arch  and  sternum,  are  extraordinarily 
developed.  In  the  Ratitae,  however,  the  wing  has  undergone 
regressive  changes  in  connection  with  the  habits  of  these  Birds. 

Of  the  six  or  seven  carpals  which  may  be  present  in  the  embryo, 
the  three  distal  become  fused  with  the  corresponding  metacarpals, 
thus  forming  a cai'pomctacarp^is  (Figs.  Ill,  112  A),  and  in  the 
adult  only  the  two  proximal  remain  separate  as  a radiale  and  an 

ulnare.  The  three  metacarpals  themselves 
become  united  together  proximally,  and  the 
second  and  third  distally  : they  only  bear  a 
very  limited  number  of  phalanges  at  their 
free  ends. 

Clmrs  were  present  on  the  terminal  phalanges 
of  all  three  digits  in  Archajopteryx.  In  certain 
recent  Birds  the  first  digit  bears  a claw,  and  more 
rarely  tlie  second  and  even  the  third  also. 

The  tarsus  is  still  more  reduced  in  Birds 
than  in  Reptiles,  and  consists  in  the  embryo 
of  three  elements,  two  small  proximal  and  a 
broader  distal.  The  former  (tibiale  and 
fibulare)  unite  later  with  the  distal  end  of 
the  tibia,  thus  forming  a tibiotarsus,  while 
the  latter,  which  corresponds  to  tarsalia  I to 
V,  becomes  included  in  the  base  of  the 
metatarsus.  Thus  the  foot  of  adult  Birds 
no  longer  possesses  any  distinct  tarsal  ele- 
ments, though,  as  in  Chelonians  and  Lizards, 
the  foot  really  moves  by  an  intertarsal  articu- 
lation. Of  the  original  five  metatarsals,  the 
fifth  soon  disappears,  while  the  second,  third, 
and  fourth  become  united  with  one  another 
and  with  the  distal  element  of  the  tarsus 
to  form  a single  bone,  the  tarsometatarsus 
(Figs.  Ill,  112  B).  The  first  metatarsal 
remains  to  a greater  or  less  extent  inde- 
pendent. 

The  number  of  toes  varies  between  two  (Struthio)  and  four ; 
that  of  the  phalanges  is  normally  2,  3,  4,  5,  reckoning  from  the 
first  to  the  fourth  digit.  The  tibia,  even  from  the  first,  greatly 
exceeds  the  fibula  in  size,  and  the  two  bones  become  fused  to- 
gether distally. 

In  both  limbs  the  bones  are  usually  pneumatic.  (^See  under 
Air-sacs.) 

Mammals. — In  Mammals  the  anterior  extrernity  either  re- 
mains in  the  condition  of  a simple  organ  of  locomotion,  serving  lor 
progression  on  land  ; or  it  may  become  modified  in  adaption  to  an 


Fir:.  110. — Rumit  Car- 
pus OF  A Youn(! 
AUvjator  iucim. 
(From  above.) 

li,  radius  ; U,  ulna  ; r, 
radialo  (including, 
according  to  Km- 
eiy,  a carpal  of  the 
])repollex) ; u,  ul- 
nare ; (7,  centrale  ; 
1 to  5,  the  live  car- 
palia,  as  yet  unossi- 
lied,  of  wliicli  1 and 
2,  as  well  as  3,  4, 
and  5,  have  become 
fused  together  ; t, 
pisiform ; / to  V, 
the  metacarpals. 
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aerial  (Bats)  or  aquatic  (Pinnipedia,  Cetacea,  Sirenia)  mode  of  life  ; 
or,  again,  it  may  give  rise  to  a prehensile  organ.  In  the  latter  case 
(Primates)  the  radius  and  ulna,  instead  of  being  firmly  connected 
together,  articulate  with  one  another,  the  former  being  capable 


aVosUioTof^OT^Jr^  *“**'^r  ™“"“a  “an  be  brought  into 

^ or  of  supination. 

Bbula  often  W™1!  f““,‘  ™P”‘ant  bone  of  the  shank,  and  the 

ulna  ai  rmav  Tnl  / ^ extent ; the 

may  unite  with  the  radius.  Except  in  the  Cetacea, 
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Sirenia,  Cheiroptera,  and  certain  Marsupialia,  a sesamoid  bone  is 
developed  in  the  distal  tendons  of  the  great  extensor  muscles  of 
the  shank,  and  is  known  as  the  knee-cap  or  patella.  This  is 
already  present  in  certain  Lizards  and  in  Birds. 

The  carpus  and  tarsus  most  nearly  correspond  with  those  of 
Urodeles  and  Chelouians,  and,  as  in  them,  certain  of  the  elements 


Fig.  112. — A.  Fore-arm  and  Manos  of  Embryo  Penguin  (Eiidyptes  chryso- 
come).  (Fourteenth  clay  of  incubation.)  (After  Th.  Stucler.)  {SB  is  a sesa- 
moid developed  in  the  tendon  of  the  triceps  in  this  Bird. ) B.  Shank  and 
Foot  of  Embryo  Penguin.  (At  the  same  stage. ) 

may  become  fused  together.  Thus  the  intermedium  and  tibiale 
as  a rule  unite  to  form  an  astragalus,  while  the  fourth  and  fifth 
carpals  become  fused  to  form  the  so-called  unciform  hone,  and  the 
corresponding  tarsals  give  rise  to  the  cuhoicl.  A centrale,  varying 
much  in  form  and  size,  is  usually  present  at  an  early  stage  in  all 
five-fingered  Mammals,  but  as  a rule  it  becomes  fused  later  with 
one,  or  Avith  two,  of  the  neighbouring  carpals — generally  the 
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radiale  {e.g.,  the  Gorilla,  the  Chimpanzee,  and  Man,  though 
it  may  persist  in  the  human  subject  throughout  life  or  may 
fuse  with  carpale  2 or  3),  In  the  tarsus  the  centrale  (navicular) 
remains  distinct,  and  usually  lies  on  the  inner  border  of  the  foot. 

So  much  difference  of  opinion  exists  with  regard  to  the  homologies  of  the 
bones  of  tlie  carpus  and  tarsus  in  Mammals,  that  it  is  not  possible  at  present 
to  give  a satisfactory  account  of  them,  or  of  the  additional  elements  which  are 
often  present  in  the  embryo  and  disappear  during  development.  Tims  the 
pisiform  may  be  a true  sesamoid,  or  may  represent  an  additional  ulnar  ray, 
and  the  calcaneum  may  or  may  not  be  the  complete  serial  homologue  of  the 
pisiform.  Elements  occur  occasionally  in  the  carpus  and  tarsus  which  are 

supposed  to  represent  additional  radial  and  tibial  rays  respectively the 

so-cslleA 'prepollex  &,\\A  prehallux  (Fig.  113). 

There  are  typically  five  complete  digits  on  each  foot,  but  this 
number  may  be  reduced  to  four,  three,  or  even  one  (Figs.  114  and 


Fig.  113.— a,  Cabpus,  axd  B,  Skeleton  of  the  Foot  of  Man.  (The  rudiments 
maticallj”'^*^^^^^^  Prepollex  and  prehallux  (ftf)  are  represented  diagram- 


L , ulna  ; R,  radius  ; r,  radiale  ; i,  intermedium  ; u,  ulnare  ; P,  pisiform  ; ce, 
centrale,  ^sed  with  the  radiale  ; ce-,  second  centrale,  forming  tlie  head 
ot  tarsale  3 ; 1-5,  the  carpalia  and  tarsalia,  4 and  5 being  united  to  form 
the  uncifonn  and  cuboid  respectively  ; Cu  I-III,  the  first  to  third  tarsalia  ; 
c,  centra,le  tarsi  (navicular)  ; it,  intermedio-tibiale  = astragalus  (As)  ■ 
f+p,  calcaneum  (=  fibulare  and  pisiform  tarsi?);  I-V,  the  metacarpals 


llo),  the  disappearance  taking  place  in  the  following  order 

1,  o,  2,  4 : thus  in  the  horse  the  third  is  the  only  complete  dio-it 
remaining  (Fig.  115).  The  number  of  phalanges  is  similar  in  bo°th 
hand  and  foot : in  the  first  digit  there  are  only  two,  while  in  the 
others  there  are  three.  An  exception  to  this  rule  is  seen  in 
uetacea,  in  which  the  phalanges  are  numerous,  as  in  Ichthyosaurus 
and  rlesiosaurus  amongst  Reptiles. 


of  uLnInS!? reduction  which  has  taken  place  in  the  feet 

S < • n le  course  of  time.  Fig.  115  represents  succe.s.sive  stages  in  the 
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phylogenetic  development  of  the  fore-foot  of  the  Horse,  showing  how  it 
has  been  gradually  derived  from  a tetra-  or  pentadactyle  form;  and  it  has 

recently  been  ascertained  that  all 
these  stages  are  passed  through  in  the 
course  of  ontogeny.  In  this  case  the 
third  digit  becomes  greatly  enlarged 
relatively  (perissodactyle  form),  and 
eventually  is  the  only  one  remaining, 
while  in  cloven-footed  Ungulates  the 
third  and  fourth  digits  are  both 
functional  and  equally  strongly  de- 
velojjed  (aHiodactyle  form)  and  may 
be  united  together  to  form  a ‘ ‘ can- 
non-bone,” the  others  becoming 
gradually  reduced.  A similar  re- 
duction takes  place  in  the  hind- 
foot,  and  is  here  as  a rule  more 
raj)id. 

Ungulates  diverged  into  Artio- 
dactyles  and  Perissodactyles  as  far 
back  as  the  Eocene  period,  but  a 
large  series  of  Tertiary  forms  shoAvs 
that  they  must  all  have  been  derived 
from  a common  pentadactyle  ances- 
tral form. 

Some  of  tlie  many  other  adaptive 
modifications  of  the  limbs  in  Mam- 
mals must  also  be  briefly  mentioned. 
In  Bats,  the  phalanges  are  greatly 
elongated  to  support  the  Aving- 
membrane  ; the  hallux  as  Avell  as 
tlie  pollex  may  be  opposable  amongst 
the  Primates ; the  fore-limbs  are 
modified  for  digging  in  certain 
Mammals  (e.g.  Mole)  ; and  in  the 
Cetacea'  (see  p.  133)  and  Sirenia  the 
digits  are  not  free,  and  serve  as 
supjAorts  for  the  fin-like  paddles. 
Nails  are  jn’esent  on  the  digits  of 
Cetacea,  though  they  can  still  be 


114. — Skklkton  of  the  Left 
FoitK-LiiAiu  OF  .4 , Pio  ; B,  Ha'oaios- 
oHus;  C,  Tka(!ueus;  71,  Roebuck  ; 
E,  iSuEEi’ ; F,  Camel.  (From  Bell, 
after  Garrod. ) 
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Fig.  115. — Fore-Foot  of  Axcestkal  Forms  of  the  Horse.  1.  Orohippus 
(Eocene).  2.  Mesohippus  (Upper  Eocene).  3.  Miohippus  (Miocene). 
4.  Protohippus  (Upper  Pliocene).  5.  Pliohippus  (Uppermost  Pliocene). 
6.  Equus. 

in  the  two  last  mentioned  Orders,  but  indications  of  them  can  be  seen  even 
externally  in  very  young  embryos  of  the  Poiqioise,  and  rudiments  of  the  thigh 
and  even  shank  bones  occur  in  the  adult  in  certain  Whales  (conqi.  p.  121). 


C.  MUSCULAR  SYSTEM. 


The  muscles,  commonly  spoken  of  as  flesh,  may  be  divided  into 
two  groups,  according  to  the  histological  character  of  their 
elements,  which  consist  of  cells  elongated  to  form  contractile 
fibres:  namely,  into  those  with  smooth  and  those  Avith  transversely- 
striatecl  fibres.  The  former  are  phylogenetically  the  older,  and  are 
to  be  looked  upon  as  the  precursors  of  the  latter.  The  action  of 
both  in  causing  movements  is  de23endent  on  the  nervous  system. 

The  smooth  or  involuntary  muscle-fibres  preponderate  in  the 
vascular  system,  viscera,  and  dermis,  and  are  not  under  the  control 
of  the  will ; almost  all  the  striated  or  voluntary  muscles  occur  in 
the  body-walls  and  organs  of  locomotion,  and  are  under  the 
control  of  the  will.^  The  following  general  statements  refer 
exclusively  to  the  latter  kind  of  muscles,  which  may,  according 
to  their  mode  of  development,  be  arranged  in  the  following 
gi'oups  : — 


(a. 


Parietal  muscles,  de- 
rived from  the  meso-J 
blastic  somites. 


II.  Visceral  muscles, 


Muscles  of  the  trunk,  including  the 
coracohyoid  (sterno-hyoid)  of 
hishes  and  its  representatives  in 
higher  Vertebrates:  these  repre- 
sent the  oldest  and  most  primitive 
part  of  the  muscular  system. 
Muscles  of  the  diaphragm. 

Muscles  of  the  extremities. 
Eye-muscles. 


■ r Cranial  muscles,  Avith  the  exception  of 
rived  irom  the  lateral-  those  included  under  a and  d 
plates  of  the  mesoblast.  [ above. 


In  its  simplest  form,  an  origin,  a belly,  and  an  insertion, 
distinguished  in  each  muscle.  The  muscles  of  the  trunk  are  as  a 

muscles  of  the  heart,  and  of  the  alimentary 
^ Tench.  More  or  less  of  the  anterior  and  posterior  parts  of  the 
iifeestive  canal  may  contain  striated  fibres  in  other  animals. 
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rule  flat,  while  those  of  the  extremities  have  usually  an  elongated, 
cylindrical,  or  iDi'ismatic  form.  In  some  cases,  however,  they 
assume  the  most  various  shapes : for  instance,  there  may  be  more 
than  one  origin  (bicipital,  tricipital,  or  quadricipital  forms),  the 
belly  may  be  double  (biventral  or  digastric  form),  or  the  muscle 
may  be  saw-shaj3ed,  or  have  its  fibres  arranged  in  a single  or 
double  series  like  a feather. 

All  the  muscles  are  surrounded  by  fibrous  sheaths,  or  fascice, 
by  means  of  Avhich  they  are  more  or  less  firmly  connected  with 
one  another  and  with  the  integument  and  skeleton.  Wherever  a 
marked  friction  occurs,  ossifications  (sesamoids)  may  become  de- 
veloped in  the  course  of  a muscle  or  tendon. 


Tlie  differentiation  of  independent  muscles  may  take  place — (1)  by  the 
separation  of  tlie  originally  single  muscle  into  proximal  and  distal  parts  by 
the  formation  of  an  intermediate  tendon  ; (2)  by  the  splitting  of  a muscular 
mass  into  layers  ; (3)  by  a longitudinal  splitting  ; or  (4)  by  a fusion  of  distinct 
muscles.  A muscle  may  undergo  very  considerable  modification  both  in  form 
and  ])Osition  by  a change  of  origin  and  insertion  ; and  when  the  action  of  a 
muscle  becomes  unnecessary,  it  either  disaj)pears  partly  or  entirely,  or  what 
remains  of  it  contributes  to  the  strengthening  of  a neighbouring  muscle. 

Tlie  following  important  factors  must  be  taken  into  consider- 
ation in  connection  with  the  muscular  system  : (1)  the  homologies 
of  the  parts  of  the  skeleton;  (2)  the  relative  positions  of  the 
neighbouring  soft  parts;  and  (3)  the  nerve-supply. 

Most  of  the  muscles  bear  a close  relation  to  the  skeleton  from 
which  they  take  their  origin  and  into  which  they  are  inserted. 
The  integumentary  musculature,  on  the  other  hand,  lies  en- 
tirely in  the  .subcutaneous  connective  f issue,  but  in  Mammals  its 
origin  can  be  traced  to  the  deeper,  skeletal  muscles : this  is 
most  plainly  seen  in  Monotremes.  Only  .slightly  developed  in  the 
Anamnia,  it  becomes  of  great  importance  in  Reptiles  and  Birds  on 
account  of  its  relations  to  the  scutes,  scales,  and  feathers.  It  is 
most  highly  developed  amongst  Mammals,  where  it  may  extend 
over  the  back,  head,  neck,  and  flanks  as  the  ixtnniculus  carnosus 
(Echidna,  Dasypus,  Pinnipedia,  Erinaceus,  &c.).  In  Man,  only  a 
rudiment  of  this  muscle  is  found  in  the  shape  of  the  platysma 
myoides,  which  extends  over  the  neck  and  jDart  of  the  breast  and 
face. 

The  action  of  the  integumentary  muscles  is  very  different  in 
different  Vertebrates.  It  may  (1)  serve  to  roll  the  body  up  into  a 
ball  (c.g.,  Hedgehog,  Armadillo) ; (2)  be  connected  with  a tail 
adapted  for  swimming  {e.g.,  Ornithorhynchus) ; (3)  serve  to  erect 
the  integumentary  spines  {e.g.,  Echidna) ; or  (4)  cause  local  move- 
ments (“  twitching  ”)  of  the  skin  (many  Mammals).^ 

Hhe  facial  'nmscles,  though  present  in  rudiment  in  the  Anamnia, 
form  a marked  feature  for  the  first  time  in  Mammals,  arising  mainly 
in  connection  with  the  platysma  myoides,  and  gradually  extending 
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over  the  face  so  as  to  become  groujDed  around  the  eyes,  nose, 
mouth,  and  ears.  They  are  supplied  by  the  facial  nerve,  and  attain 
their  greatest  development  in  the  Primates,  in  which  certain 
other  facial  muscles  are  derived  from  the  deeper-lying  sphincter 
colli. 


Parietal  Muscles. 


A.  Muscles  of  the  Trimk. 

In  Amphioxus  (Fig.  219)  the  body  muscles  are  made  up  of  a 
series  (60  or  more)  of  lateral  muscular  segments  or  separated 

by  ^ shaped  connective-tissue  septa  or  myoccmimata,  between 
which  the  fibres  run  longitudinally.  The  myotomes  have  an 
alternating  arrangement  on  the  two  sides.  On  the  ventral  region 
of  the  anterior  two-thirds  of  the  body  there  is  a thin  transverse 
sheet  of  fibres. 


In  Fishes  and  Dipnoans  the  myotomes  and  myocommata  are 
arranged  in  pairs  and  consist,  on  either  side  of  the  body,  of  two 
portions,  a dorsal  and  a ventral,  separated  from  one  another  by  a 
connective-tissue  septum  extending  from  the  axial  skeleton  to  the 
integument  (corap.  Fig.  116).^  The  myotomes  meet  together  in 
the  mid-dorsal  and  mid-ventral  lines. 

This  primitive  metameric  arrangement  of  the  lateral  muscles  of 
the  trunk  fomis  a characteristic  feature  in  Vertebrates,  and  stands 
in  close  relation  with  the  segmentation  of  the  axial  skeleton  and 
spinal  nerves,  the  number  of  vertebrse  and  pairs  of  nerves  corre- 
sponding primitively  to  that  of  the  myotomes. 

The  lateral  muscles  largely  I’etain  their  primitive  relations  in 
Fishes  and  Dipnoans,  but  on  the  ventral  side  of  the  trunk, 
where  they  enclose  the  body-cavity  (comp.  Amphioxus),  certain 
differentiations  occur  which  indicate  the  formation  of  the  recti  and 
obliqui  abdominis  of  higher  types.  The  dorsal  portions  of  these 
parietal  muscles,  as  well  as  the  ventral  portions  in  the  caudal 
region,  retain  the  more  primitive  relations. 


Amphibia.  In  Urodeles  (Figs.  116  and  117)  primary  and 
secondary  ventral  trunk-muscles  can  be  distinguished,  and  both  of 
these  gi-oups,  like  the  dor.sal  muscles,  are  segmented.  The  former 
group  consists  of  internal  and  external  obliqui  and  recti.  The 
secondary  muscles  arise  by  delamination  from  the  primary,  and 
pve  rise  to  a superficial  external  ohliq%ie,  a superficial  o-eckts,  a 
transversahs, ^ and  a subvertebralis.  These,  however,  only  attain 
importance  in  caducibranchiate  forms,  in  which  they  become 
marked  during  metamorphosi.s,  and  the  primary  musculature  then 


LcpZtaffSrb'irto  >Iy»inoi.U,  ™,1  i.  absent  f„  I-et.o.nyson  and 
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undergoes  more  or  less  reduction.  Thus  various  conditions  of  the 
ventral  musculature  are  found  amongst  Urodeles. 

In  the  Anura,  on  the  other  hand,  both  primary  and  secondary 
muscles  present  a marked  uniformity  and  relative  simplicity ; in 
the  adult  they  give  rise  to  a segmented  rectus,  an  obliquus 
externus,  and  a transversal  is,  as  well  as  to  a cutaneus  abdominis 
derived  from  the  external  oblique.  No  trace  of  an  internal  oblique 
can  be  seen  in  the  adult. 


Reptiles. — In  Reptiles,  the  lateral  muscles  of  the  trunk  attain 
a much  higher  grade  of  development.  This  is  to  be  accounted 


Fic.  1 10. — Thk  ISluscur..\TUKK  of  Sircxlon  (From  the  side.) 


]jl,  lateral  line  ; 1),  dorsal,  and  V,  ventral  ])ortion  of  caudal  muscles  ; BM,  dorsal 
portion  of  lateral  muscles  of  the  trunk  ; 0,  0,  outer  layer  of  the  external 
obliijue  muscle,  arising  from  the  latei-al  line,  and  extending  to  the  fascia,  F ; 
at  * a piece  of  this  laj'er  is  removed,  exposing  the  inner  layer  of  the  muscle 
{Oh)‘,  at  Be  the  obli(jue  fibres  of  the  latter  pass  into  longitudinal  fibres, 
indicating  the  beginning  of  the  differentiation  of  a rectus  abdominis  ; at  Bt^ 
the  rectus-system  is  seen  passing  to  the  visceral  skeleton  ; Me,  fibrous  parti- 
tions between  the  myotomes  of  the  dorsal  portion  of  the  lateral  muscles  ; T, 
temporal  ; Ma,  masseter  ; Dtj,  digastric  ; Ml\},  mylohyoid  (posterior  portion) ; 
C'e,  external  ceratohyoid  muscle ; Lv,  levator  arcuum  branchialium ; +tt , 
levator  branchiarum  ; QA,  cervical  origin  of  the  constrictor  of  the  phar}'iix  ; 
Th,  thymus ; Lt,  latissimus  dorsi  ; Da,  dorsalis  scapulas ; Cu,  cucullaris ; 
SS,  suprascapula  ; Ph,  procoraco-humeralis. 

for  by  the  more  perfect  condition  of  the  skeleton,  more  especially  of 
the  ribs  and  pectoral  arcli.  The  ribs  and  intercostal  muscles  now 
play  an  important  part  in  respiration,  and  changes,  necessitated  by 
the  more  important  development  of  the  lungs,  are  thus  brought 
about. 

The  distinction  between  thoracic  and  abdominal  regions  becomes 
gradually  more  plainly  marked,  and  distinct  external  and  internal 
intereostal  museles  are  now  differentiated.  In  the  lumbar  region 
the  ribs  become  gradually  withdrawn  from  the  muscles  lying 
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betAveen  them;  the”muscles  thus  lose  their  intercostal  character, 
and  form  connected  sheets,  extending  between  the  last  pair  of  ribs 


Fig.  117. — The  Musculature  of  Siredon  jnsciformia.  (Ventral  view. ) 

0,  outer  kyer  of  the  external  oblique,  passing  into  the  fascia,  which  is  shown 
cut  through  at  Oh,  inner  layer  of  the  same  muscle  ; lie,  rectus  abdominis, 
passing  into  the  visceral  musciilature  (sternohyoid)  at  Re\  and  into  the  nector 
alls  ma,]or  at  1 ; Mh,  Mh\  anterior  and  posterior  portions  of  the  inyldivoid 
which  IS  cut  through  in  the  middle  line,  and  removed  on  the  left  side  so  as 
to  show  the  proper  visceral  mnsculatnre ; Ce,  Ci,  Ci\  external  and  internal 
ceratohyoid : the  former  is  inserted  on  to  the  hyoid  (//?/)  • Add  adductor 
arciinm  branchialium  ; C,  constrictor  arcnnm  branchialinm  ■ Cph  ’portion  of 
the  e„„,tr.otor  of  the  nhotyox,  ori.lng  from  the  po«erio)A,rf„ilS  arch 
np,  depressores  branchianim  ; Oh,  genio-hyoid ; Ph,  procoraco-humeralis  • 

coraco-branchialis  brevis^;  Clo,  cloaca;  La, 


and  the  pelvic  arch  {e.g.,  the  quadratus  lumhor 
against  the  vertebral  column). 


«m,  which  lies  close 
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The  rectus  abdominis,  which  is  always  well  developed,  but  does 
not  extend  anteriorly  to  the  sternum,  becomes  divided  into  three 
portions, — a ventral,  an  internal,  and  a lateral. 

While  no  important  differentiation  is  noticeable  in  the  dorsal  por- 
tion of  the  lateral  body-muscles  in  Urodeles,  a marked  subdivision 
of  these  muscles  is  seen  in  Reptiles.  In  them  may  be  distinguished 
a longissimus,  an  ilecostalis,  inter spinalcs,  seinispinales,  multifidi, 
splenii,  and  levatorcs  costarum,  together  with  the  scaleni,  certain 
of  which  belong  to  the  last-mentioned  group,  and  others  to  the 
intercostal  muscles. 

The  muscles  of  the  main  jDart  of  the  tail  retain  primitive  rela- 
tions similar  to  those  seen  in  Fishes : at  the  root  of  the  tail  and  in 
the  cloacal  region,  however,  new  muscles  become  differentiated. 

Birds. — In  Birds  the  primitive  character  of  the  trunk-muscles 
has  disappeared  far  more  than  in  Reptiles.  This  is  mainly  to  be 
accounted  for  by  the  excessive  development  of  the  muscles 
of  the  anterior  extremity — the  pectoralis  major  more  particu- 
larly,— and  the  corresponding  backward  extension  of  the  breast- 
bone. 

External  and  internal  oblique  muscles  are  present,  but  only 
slightly  developed : this  is  more  particularly  true  of  the  internal, 
which  appears  to  be  undergoing  degeneration.  No  trace  of  a 
transversalis  can  be  distinguished;  but,  on  the  other  hand,  a paired, 
unsegmented  rectus  is  jiresent. 

External  and  internal  intercostals  are  well  developed,  and  a 
triangularis  sterni  appears  for  the  hrst  time  on  the  inner  surface 
of  the  sternal  ends  of  the  ribs. 

The  dorsal  portion  of  the  trunk  musculature  is  only  slightly 
developed  in  the  region  of  the  trunk,  though  very  strongly  marked 
in  the  neck. 

All  these  modifications  in  Birds  seem  to  be  accounted  for  by 
the  specialisation  of  the  mechanisms  for  flight  and  respiration,  to 
assist  which  the  greatest  possible  number  of  muscles  are  brought 
into  play  and  thereby  influence  the  whole  organism : an  essential 
difference  is  thus  brought  about  between  Birds  and  Reptiles. 

Mammals. — Three  lateral  abdominal  muscles  are  always 
present  in  Mammals,  an  external  and  internal  oblique  and  a traus- 
versalis.  In  many  cases,  more  particularly  in  Tupaia  and  in  Lemurs, 
the  external  oblique  possesses  tedinous  intersections,  thus  indicat- 
ing its  primitive  segmental  character;  but  in  general  all  these 
muscles  consist  of  broad  uniform  sheets.  Towards  the  middle  line 
they  pass  into  strong  aponeuroses,  which  ensheath  the  rectus 
abdominis.  The  latter  consists  of  a single  band  on  each  side  and 
possesses  a varying  number  of  myocommata;  it  is  no  longer  con- 
nected with  the  axial  muscles  of  the  neck  belonging  to  the  same 
system  (sternohyoid,  sternothyroid,  &c.)  as  is  the  case  in  Urodeles, 
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for  the  sternum  is  always  interposed  between  them,  as  it  is  in 
the  Sauropsida. 

In  Monotremes  and  Marsupials,  a strong  pyramidalis  muscle 
lies  on  the  ventral  side  of  the  rectus  abdominis.  It  arises  from 
the  inner  border  of  the  “marsupial  bones”  (epipubes,  p.  121)  and 
may  extend  forwards  as  far  as  the  sternum.  In  the  higl)er 
Mammals,  where  the  ep:pubes  are  absent,  the  pyramidalis  usually 
becomes  greatly  reduced  or  entirely  lost.  Traces  of  it  are,  however 
commonly  to  be  met  with  even  in  the  Primates,  and  always  arise 
from  the  anterior  border  of  the  pubis,  right  and  left  of  the  middle 
line. 


The  e.Kternal  and  internal  oblique  muscles  are  represented  in 
the  thoracic  region  in  Mammals,  as  in  the  Sauropsida,  in  the  form 
oi  external  and  internal  intercostals. 


What  has  been  said  above  as  to  the  differentiation  of  the  dorsal 
fo°Mmiimals^^^  trunk-muscles  in  Reptiles  applies  also  essentially 

The  gi  eater  number  of  the  muscles  in  connection  with  the 
external  genital  organs  become  differentiated  from  the  primitive 
sphincter  cloacce:  the  origin  of  the  others  is  not  known. 


B.  Muscles  of  the  Diaphragm. 

A complete  diaphragm  dividing  the  coelome  into  thoracic  and 
abdominal  cavities  occurs  only  in  the  Mammalia.  It  is  dome- 
shaped  and  muscular,  its  muscles  arising  from  the  vertebral  column, 
libs,  and  sternum  The  diaphragm  is  of  great  importance  in 
respiration,  as  it  allows  of  a lengthening  of  the  thoracic  cavity  in 
a longitudinal  direction.  It  is  supplied  by  a phrenic  nerve,  arisino- 

conTisTsnr  c^^'^ical  nerves ; and  usually 

cons  sts  of  a central  tendon,  perforated  by  the  oesophagus  and  post- 

muscular  fibres  radiating  from  this  to^the 
periphery  and  forming  dorsally  two  strong  “ pillars  of  the  dia- 

FsSlymLX'""  the  diaphragm 

Amongst  the  Sauropsida,  a partition  is  present  between  the 

marked  in  Crocodiles  and  Birds  C this  is  connected  with  the 

SiumX“l,“  '‘■X  1‘'  -lo®  not  enclose  the  peri- 

emhum,  which,  as  m the  Anamma,  lies  in  the  general  peritoneal 

roug%  SeSod"^  mammalian  diaphragm  is  not  yet  tho- 

have  been  toeriberl  «e  a 
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c.  Muscles  of  the  Appendages. 

The  most  primitive  condition  of  the  muscles  of  the  extremities 
is  met  with  in  Fishes  and  Dipnoans,  in  which  the  musculature  of 
each  surface  of  the  fin  forms  a more  or  less  uniform  mass  which 
may  become  dilferentiated  into  layers.  Everything  goes  to  prove 
that  all  the  muscles  of  the  appendages  are  to  be  looked  upon 
primarily  as  derivatives  of  the  lateral  muscles  of  the  trunk,  i.e., 
of  the  myotonies ; and  although  in  the  Amniota  they  have 
apparently  an  independent  origin,  this  is  probably  only  due  to  an 
abbreviation  of  development. 

Two  principal  groups  of  appendicular  muscles  may  always  be 
distinguished  : one  lying  in  the  region  of  the  pectoral  and  pelvic 
arches,  dorsally  and  ventrally,  the  other  in  the  free  extremity.  In 
Fishes  and  Dipnoans  the  latter  consist  essentially  of  elevators, 
adductors,  and  dejiressors  of  the  fins  ; while  from  the  Amphibia 
onwards,  in  correspondence  with  the  moi’e  highly-differentiated 
organs  of  locomotion,  considerable  complication  is  seen,  and 
there  is  a much  more  marked  sejiaration  into  individual  muscles 
corresponding  with  the  different  sections  of  the  extremity.  Thus 
elevators,  depressors,  rotators,  flexors,  extensors,  and  adductors  are 
present  in  connection  with  the  upper  arm  and  thigl),  fore-arm  and 
shank,  and  hand  and  foot,  and  the  digits  are  also  moved  by  a 
highly-differentiated  musculature.  The  number  of  muscles  gradu- 
ally increases  in  jiassing  from  the  Urodela  through  the  Sauropsida 
to  the  Mammalia. 

When,  as  in  the  Primates,  the  anterior  extremity  is  con- 
verted into  a prehensile  organ,  new  groups  of  muscles  appear 
known  as  pronators  and  supinators.  The  former  are  derived  from 
flexors,  the  latter  from  extensors. 


D.  The  Eye- Muscles. 

(These  will  be  treated  of  in  connection  with  the  organ  of 
vision.) 


Visceral  Muscles. 

Fishes. — Considerable  differences  exist  in  the  A'isceral  mus- 
culature of  Fishes.^  In  Elasmobranchs,  Flirbringer  classifies  these 
muscles  as  follows : — 

A.  Cranial  museles  (consisting  originally  of  transverse  or 
circular  fibres)  sujDplied  by  the  VIP'\  IX‘*',  and  X**' 
cerebral  nerves. 

^ In  CycloslomeH  there  is  a remarkable  transformation  of  the  cranio-visceral 
musculature  in  correspondence  with  their  peculiar  cranial  skeleton  (suctorial 
apparatus)  and  branchial  basket. 
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1.  Constrictor  arciumi  visceraliimi,  incl.  constrictor  superficialis 
dorsalis  and  ventralis. 

Innervation. 

Levator  labii  superioris  'j 

,,  niaxilliB  ,,  I V. 

,,  iDalpebrte  nictitantis  ^ J 
, , rostri 

,,  hyonianclibularis 
Depressor  rostri 

,,  manclibularis  and  hyonianclibularis 


Interbranchiales IX  X. 

Trapezius X. 


2.  Arcuales  dorsales IX  X 

3.  Adductores,  incl,  adductor  niandibului  ....  V. 

and  adductores  arcuum  branchialium.  . . IX,  X. 

B.  Spinal  muscles  (originally  longitudinal),  divided,  like  the 
trunk-muscles,  into  myotomes.  Supplied  by  the  spino- 
occipital  ( = the  “ventral  roots"  of  X)  and  spinal 
nerves.  ^ 

(a)  Epibranchial  spinal  muscles,  dorsal  to  visceral  skeleton. 


Innervation. 

Spino-occipital  nerves. 

( Spino-occipital  nerves, 

9-3  well  as  the  first 

. ( spinal  nerve, 

(0)  LLypo branchial  spinal  muscles,  ventral  to  visceral  skeleton. 


4.  Subspinalis  . 

5.  Interbasales. 


0.  Coraco-arcuales,  iucl.  coraco-bran-  ( ='"<1 

chiales,  coraco-hyoideus,  and  < the  last  one  or 

coraco-mandibularis  . f the  spino- 

V occiintal  nerves. 

diflerent  group.s  of  muscles  must  be  amuiged^n^an  entLw7ff  '"''f 
cannot  be  given  here.  The  visceral  muscles  of  PoIypSru7?re' 

“"dition  be4"ee„  t'.!*  „1  SSo- 
that  the  former  more  primitive  relatioie  are  mh  with!  oomiS 

‘ This  ha,  therefore  nothing  to  do  with  the  ether  eye-muKile,. 
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ing  them  with  lower  forms,  while  in  the  latter  a greater  modification, 
or  rather  reduction,  of  these  muscles  takes  place. 

Between  the  two  rami  of  the  lower  jaw  is  situated  a muscle  with 
transverse  fibres  (the  mylohyoid),  supplied  by  the  third  division  of 
the  tx’igeminal  and  the  facial  nerve  ; this  represents  the  last  rem- 
nants of  the  constrictor  muscle  of  Fishes.  As  the  elevator  of  the 
floor  of  the  mouth,  it  stands  in  important  relation  to  respiration  and 
deglutition,  and  is  retained  throughout  the  rest  of  the  Vertebrata 
up  to  Man  (Figs.  116,  117). 

A continuation  of  the  trunk-musculature  (the  omo-,  sterno-,  and 
genio-hyoid)  provided  with  tendinous  intersections,  lies  above  the 
mylohyoid  (Fig.  117).  These  muscles,  which  serve  to  pull  the 
visceral  skeleton  forwards  and  backwards,  are  supplied  by  the  first 
and  second  spinal  nerves. 

In  contrast  to  Fishes,  there  is  in  Amphibians  a definite  differen- 
tiation into  muscles  of  the  tongue,  that  is,  into  a hyoglossus  and  a 
genioglossus ; but  these  also  must  be  considered  as  having  been 
derived  from  the  anterior  end  of  the  ventral  muscles  of  the  trunk  ; 
they  are  present  in  all  Vertebrates,  from  the  Amphibia  onwards, 
and  are  supplied  by  the  hypoglossal  (=  the  first  spinal  nerve  of 
Amphibians). 

In  the  Perennibranchiata  and  in  Salamander  larvae  the  muscles 
of  the  hyoid  and  of  the  visceral  arches  may,  as  in  Fishes,  be 
divided  into  a ventral  and  a dorsal  group  ; the  latter  disappears  in 
adult  Salamanders  and  Anurans,  only  the  ventral  persisting.  Their 
function  is  to  raise  and  depress  the  branchial  arches,  as  well  as  to 
draw  them  forwards  and  backwards.  To  these  may  be  added 
constrictors  of  the  pharynx,  as  well  as  (in  branchiate  forms) 
levators,  depressors,  and  adductors  of  the  external  gill  filaments 
(Figs.  116  and  117).  They  are  innervated  by  the  vagus  and 
glossopharyngeal. 

The  jaw-muscles  include  a depressor  {digastric,  or  hiventer 
mandihulcc.  Fig.  116),  supplied  by  the  facial  nerve,  and 
elevators  of  the  lower  jaw  {mctssetcr,  temporal,  and  pterygoid 
muscles),  supplied  by  the  third  division  of  the  trigeminal.  All 
these  muscles,  which  may  be  derived  from  the  adductor  of  the 
mandible  of  Elasmobranchs  and  Ganoids,  arise  from  the  auditory 
region  of  the  skull. 

Amniota. — With  the  simplification  of  the  visceral  skeleton  in 
Amniota  there  is  a considerable  reduction  of  the  musculature 
belonging  to  it.  All  muscles  connected  with  branchial  respiration 
are  of  course  wanting,  and  the  ventral  trunk-muscles,  as  mentioned 
above,  are  always  interrupted  in  their  forward  extension  by  the 
sternum  and  pectoral  arch.  At  the  same  time,  the  muscles  along 
the  neck  and  on  the  floor  of  the  mouth  met  with  in  Amphibia  are 
present  here  also  ; they  are,  a mylo-,  sterno-,  omo-,  and  genio- 
hyoid, as  well  as  a hyoglossus  and  genioglossus.  To  these  may 
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be  also  added  a sterno-thyroid,  from  which  a thyro-hyoid  is  con- 
tinued forwards. 

• The  stylo-hyoid,  stylo-glossus,  and  stylo-pharyngeus  of  Mam- 
mals, arising  from  the  styloid  process  and  stylo-hyoid  ligament  and 
undergoing  numerous  variations,  are  peculiar  to  Mammals  Thev 
are  supplied  partly  by  the  facial  nerve,  partly  by  the  glossopharyn- 
geal, and  act  as  retractors  of  the  tongue  and  levators  of  the  pharynx 
and  hyoid.  ■* 

jaws  resemble  those  of  Amphibia,  althouo-h 
especially  in  the  case  of  the  pterygoids, ^ they  are  much  more 
-sharply  differentiated,  and  are  throughout  more  strongly  developed. 

^ For  the  tensor  tjnnpani  and  stapedius  muscnles,  see  under  Auditory  Organ. 


D.  ELECTRIC  ORGANS. 


Tlie  electric  batteries  of  these  three  Fishes 
situated  in  different  parts  of 


yin 


Electric  organs  are  present  in  certain  Fishes,  being  most 
strongly  developed  in  certain  Ra}i^s  (Torpedinidoe,  e.g.,  Torpedo,. 
Hyimos)  found  in  the  Atlantic  Ocean  and  various  southern  seas, 
in -a  South  American  Eel  {Gi/mnotus  clcctricus)  and  in  an  African 
Siluroid  {Malopicrurns  clcctricus).  Gymnotus  possesses  by  far 
the  strongest  electric  power,  next  to  it  comes  Malopteriirus, 
and  then  Toi’iDedo. 

ai’e  situateu  in 

the  body:  in  the  TorpedinidiB  they 
have  the  form  of  a broad  mass,, 
extending  throughout  the  substance 
of  the  part  of  the  body  lying  be- 
tween the  gill-sacs  and  the  pro- 
jjterygiuin  on  either  side  of  the 
head  (Fig.  118);  in  Gymnotus  they 
lie  in  the  ventral  region  of  the 
enormously  long  tail  (Fig.  119), 
that  is,  in  the  position  usually 
occuiiied  by  the  ventral  portions  of 
the  great  lateral  muscles ; and 
finally,  in  Malopteruru.s,  the  electric 
oi’Ran  extends  between  the  skin  and 
muscles  round  almost  the  entire 
circumference  of  the  body,  thus 
enclosing  the  Fish  like  a mantle : 
it  is  especially  strongly  developed 
along  the  sides. 

The  electric  power  of  those 
Fishes  which  were  formerly  known 
as  “pseudo-electric”  has  now  been 
fully  demonstrated,  though  it  is 
much  feebler  than  in  the  forms 
described  above.  To  this  category 
belong  all  the  Rays,  excluding  the 
Torpedinidas,  the  various  species  of  Mormgrus,  and  Gymnarclms 
(both  the  latter  genera  belonging  to  the  Teleostei).  In  all  these, 
the  electric  organs  lie  on  either  side  of  the  end  of  the  tail  and  have 
a metameric  arrangement  like  that  of  the  caudal  muscles ; in  the 


Fig.  118.  — Torpedo  marmorata, 
WITH  THE  ElECTKIC  OKGANS  {E) 
EXPOSED. 

,S',  skull;  Bp,  spiracle;  KK,  gills; 
A ll,  eye. 
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Moimyridae,  for  example,  there  is  on  each  side  an  upper  and  lower 
row  of  electric  organs. 

The  electric  apparatus  in  all  the  above-named  Fishes  is  to  be 
regarded  from  the  same  point  of  view  both  as  concerns  its  mode 
01  development  and  its 
anatomical  relations  ; 
all  electric  organs  are 
to  he  looked  xvpon  as 
consisting  of  metamor- 
phosed muscular  fibres 
and  the  nerve-endings 
belonging  to  them  as 
homologues  ofthemotor 
end-plates  tvhich  are 
ordinarily  foitnd  on 
muscles. 

As  regards  the 
structure  of  the  elec- 
tric organs,  the  same 
essential  arrange- 
ments are  met  with 
in  all : the  details  of 
their  histology  and 
physiology  cannot  be 
entered  into  here.  The 
framework  is  formed 
of  fibrous  tissue  en- 
closing numerouscells, 
which,  running  j^artly 
longitudinally,  partly 
transversely  through 
the  organ,  gives  rise 
to  numerous  poly- 
gonal or  more  or  less 
rounded  charnbers  or 
compartments.  These 
latter  are  arranged  in 
rows,  either  along  the 
longitudinal  axis  of 
the  body  (Gymnotus, 

IMalopterurus)  or  in  a 


B 

Fig.  110,  A and  B.— The  Electric  Organ  oe 
A ""  preparation  by 

f'f  portions  of  tlie 

muscles,  seen  partly  in  transverse, 
paitly  in  longitudinal,  section  ; VM  VAP 
ventral  portions  of  ditto  ; E,  the  electric  organ! 
seen  in  transverse  section  at  E fB)  and  b-nm 
the  side  at  f vertebit/Sur!  fZ 
the  side,  and  the  spinal  nerves,  and  JF,5i 
in  transverse  section  ; LIT,  posterior  end  of 
body  cavity  ; Sep,  median  longitudinal  fibrous 
septum  between  the  left  ami  right  eleetZ 

A,  anus. 


-It  avau  OiIUl 

organ  and  lateral  trunk-muscles 


dorso-ventral  direction 
(Toledo),  forming  definite  prismatic  columns  (Fio-  190') 
hin»  bX“eu  "fves  ramify  ia  the  “con.-:eciive-tiseue 

■n  connection  with  'the  g.-eaVa,lL1o“‘":„:ci“H7e“'i;rd1u: 
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electric  Fislies, 
Imndred 


and  the  constrictor  of  the  gill-arches,  the  nerves  arise  from 
the  “ electric  lobe  ” of  the  medulla  oblongata,  a single  branch 
coming  also  from  the  trigeminal  nerve ; in  all  pseudo- 
as  well  as  in  Gymnotus,  in  which  over  two 
nerves  pass  to  the  electric  organ,  they  arise  from  the 
spinal  cord,  and  are  probably  in  close  relation 
with  the  ventral  cornua  of  the  latter,  which 
are  particularly  well  developed  in  the  last-named 
Fish.  It  is  remarkable  that  the  electric  nerves 
of  MalojJterurus  arise  on  each  side  from  a single 
enormous  lens-shaped  nerve-cell,  which,  lying  in 
the  neighbourhood  of  the  second  spinal  nerve,  is 
continued  into  a very  large  primitive-fibre  which 
passes  towards  the  end  of  the  tail,  dividing  as 
it  goes.  This  fibre  is  invested  by  a thick  sheath. 


Fifi.  120.— Flec- 
Tjuc  Prisms  of 
Torjmlo  mar- 
morata.  (Seini- 
(liagniinmatic.) 


Experiments  liave  shown  that  all  Electric  Fishes  are 
])roof  against  the  electric  current,  with  the  limitation  that 
muscles  and  nerves — even  the  electric  nex’ves  themselves — 
separated  out  from  the  liody  are  capable  of  being  excited 
‘ ‘ I’he  last  and  most  important  question  with  regard  to  the 
natui'ally  concerning  the  mechanism  whereby  the  electric 
])lates  become  temporarily  charged  with  electricity.  The  reply  to  this  ques- 
tion, although  probably  not  so  difhcult  a one  as  that  relating  to  the  mechanism 
of  muscular  contraction,  is  still  far  from  being  answered  ” (Du  Bois-Reymond). 
The  only  thing  that  can  be  stated  with  certainty  is,  that  the  electromotive 
force  is  under  the  influence  of  tlie  will. 


by  the  current. 
Electric  Fishes  is 


E.  NERVOUS  SYSTEM. 


The  nervous  system,  as  already  mentioned  in  the  Introduction 
(p.  5),  arises  from  the  epiblast,  and  the  first  parts  to  become 
differentiated  histologically  are  the  nerve-cells  {ganglion-cdls), 
from  which  nerve-fibres  arise  later  and  serve  as  conductors  of 
nervous  impulses.  The  most  important  constituent  of  the  nerve- 
fibre  is  a central  axis-cylinder  ox  axis-fihre,a,n^  in  those  nerve-fibres 
which  are  spoken  of  as  medullated  this  is  surrounded  b3f  a highly 
refractile,  fat-like  substance  (myelin),  which  forms  the  medullary 
sheath.  In  certain  (non-medullated)  nerve-fibres  this  sheath  is 
wanting,  but  the  two  kinds  of  fibres  are  not  sharply  marked  off 
from  one  another,  either  locally  or  genetically  ; a fibre  may  be 
medullated  in  one  part  of  its  course,  and  non-medullated  in  another. 
Externally  each  nerve-fibre  is  enclosed  by  a delicate  sheath,  the 
neurilemma. 

Part  of  the  epiblastic  tissue  which  forms  the  nervous  system  of 
the  embryo  does  not  become  transformed  into  nervous  tissue,  but 
gives  rise  to  a supporting  and  connecting  framework — the  neuroglia-, 
and  externally,  investing  membranes  as  well  as  blood  and  lymph- 
vessels,  are  formed  from  the  rnesoblast. 

The  nervous  system  consists  of  central  and  peripheral  portions 
tFig.  121).  The  central  part  (brain  and  spinal  cord)  is  the  first 
to  arise,  and  is  formed  as  a direct  product  of  the  epiblast ; the 
peripheral  portion  (cerebral,  spinal,  and  sympathetic  nerves)  becomes 
established  later. 


1.  THE  CENTRAL  NERVOUS  SYSTEM. 


The  first  indication  of  the  central  nervous  system  is  a longi- 
tudinal furrow  (medullary  groove,  Fig.  6,  a)  which  appears  on  the 
dorsal  side  of  the  embryo  and  gradually  becomes  converted  into 
a^  tube  by  the  meeting  of  its  edges ; this  tube,  consisting  ori- 
ginally of  epithelial  cells  like  the  epiblast  from  which  it  arises, 
then  becomes  separated  from  the  epiblast  and  gives  rise  to  the 
hoWow  medullary  cord^  (Fig.  6,  b),  in  which  nerve-cells  and  fibres 
soon  become  differentiated;  it  comprises  a more  expanded  an- 
terior and  a longer  and  more  slender  posterior  section.  From  the 
former  arises  the  brain,  from  the  latter  the  spinal  cord. 


• ! first  solid  in  Cyclostomes,  Teleo 

cavity  being  formed  secondarily. 


and  bony  Ganoids, 
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Fifi.  121. — This  Entike  Nervous  System  of  the  Eroo.  (After  A.  I5cker.) 

From  tlie  ventral  skle. 

7/e,  cerebral  hemispheres  (prosehcephalo7i)  ; Lop,  optic  lobes  (mesenceiDhalon), 
M,  spinal  cord  ; Ml  to  MlO,  spinal  nerves,  whicl)  are  connected  at  SJ\l  by 
branches  (rami  communicantes)  with  the  ganglia  (SI  to  SlO)  of  the  sympathetic 
(S)  ; No,  femoral  nerve;  Ni,  sciatic  nerve;  I to  X,  first  to  tenth  cranial 
nerves  ; G,  gajiglia  of  the  vagus  ; Vif,  Gasserian  ganglion  ; o,  eye  ; N,  nasal 
sac  ; Va  to  Ve,  the  different  branches  of  the  trigeminal ; F,  facial  nerve ; 
Vs,  connection  of  the  sympathetic  with  the  Gasserian  ganglion  ; Xl  to  X4, 
the  different  branches  of  the  vagus.  Some  of  tlie  fibres  of  the  sympatlietic 
should  be  shown  accompanying  the  vagus  peripherally. 
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In  an  early  stage  of  development  the  lumen  of  the  medullary 
cord  is  primitively  continuous  posteriorly  with  that  of  the  primary 
intestine  {nmrcnteric  canal).  This  connection,  however,  soon  dis- 
appears,  and  the  cord  then  consists  of  a cylindrical  or  more  or  less 
flattened  hollow  cord  with  thick  walls,  the  cavity  of  which  is  lined 
by  ciliated  epithelium  and  expands  in  front  to  form  the  ventricles  of 
the  brain.  This  cavity  becomes  greatly  reduced  later,  and  in  the 
spinal  cord  is  spoken  of  as  the  central  canal. 


Membranes  of  the  Brain  and  Spinal  Cord. 

The  enveloping  membranes  of  the  brain  and  spinal  cord  arise 
by  the  differentiation  of  a connective-tissue  layer  lying  between  the 
central  organs  of  the  nervous  system  and  the  surrounding  skeletal 
parts.  In  Fishes,  only  two  membranes  are  distinguishable  : — one. 


Fig.  122.— Brain  Me.mbranes  of  Man.  (After  Schwalbe. ) 

DM,  dura  mater  ; SR,  sub-dural  (arachnoid)  space  ; A,  sub-arachnoid  space  ; PM, 
pia  mater  ; OR,  gray  cortical  substance  of  the  brain. 

the  (hcra  mater,  lining  the  inner  surface  of  the  cerebro-spinal 
canal,  and  the  other,  or  pia,  mater,  investing  the  brain  and  spinal 
cord.  The  latter  represents  also  the  arachnoid  of  higher  Verte- 
brates, which  is  not  here  differentiated  as  a separate  membrane. 
The  dura  mater  conveys  vessels  to  the  walls  of  the  cerebro-spinal 
canal — that  is,  to  the  perichondrium  or  periosteum,  while  the  pia 
mater,  which  is  much  richer  in  blood-vessels,  has  to  do  with  the 
nutrition  of_  the  nervous  axis.  The  dura  mater  consists  of  two 
lamellae,  which,  however,  only  remain  distinct  along  the  whole 
central  nervous  system  in  the  lower  Vertebrata.  In  higher  Verte- 
brates, its  double  nature  persists  only  in  the  region  of  the  vertebral 
column,  the  two  layers  becoming  fused  in  the  cranial  portion.  As 
in  most  Fishes  the  brain  by  no  means  fills  the  cranial  cavity,  a large 
lymph-space  lies  between  the  dura  and  pia  mater;  this  cor- 
responds to  the  so-called  sub-dural  space  of  terrestrial  Vertebrates 
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. ’A' differentiation  of  the  primary  vascular  membrane  of  the 
brain  and  spinal  cord  into  pia  mater  and  arachnoid  takes  place 
from  the  Amphibia  onwards,  and  tliese  two  layers  become 
separated  in  those  places  where  there  are  deep  depressions  be- 
tween the  individual  parts  of  the  hi'ain ; the  deeper  of  these  (pia) 
adheres  closely  to  the  brain,  and  also  penetrates  into  the  ventricles 
in  the  form  of  tdce  choroidccc  and  plexus  choroidei,  while  the 

superficial  one  (arachnoid)  simply  bridges 
A B over  the  depressions  (Fig.  122).  A lymph- 

sinus  (suh-arachnoid  space)  is  thus  de- 
veloped between  the  two  in  the  Saurop- 
sida  and  Mammalia,  but  this  never  reaches 
such  an  independent  differentiation  as 
does  the  sub-dural  (arachnoid)  space. 


1.  The  Spinal  Cord. 

The  spinal  cord  is  at  first  of  a uniform 
diameter  throughout,  but  as  a richer 
nerve-supply  becomes  needed  for  the 
extremities,  it  exhibits  in  the.se  regions 
definite  swellings  — the  brachial  and 
lumbosacral  enlargements  (Fig.  123). 
The  cord  originally  extends  along  the 
whole  length  of  the  neural  canal,  but 
its  growth  is  usually  less  rapid  than  that 
of  the  vertebral  axis,  so  that  eventually 
it  is  considerably  shorter  than  the  latter. 
In  such  cases  {e.g.  Primates,  Cheirop- 
tera, Insectivora,  Anura,  Figs.  121  and 
123)  it  passes  at  its  posterior  end 
into  a brush -like  mass  of  lumbo-sacral 
nerves,  the  so-called  cauda  equina,  lying 
within  the  neural  canal.  A prolongation 
of  the  spinal  cord  nevertheless  extends 
far  back  amongst  these  as  a thin  thread- 
like appendage,  the  jilum  terminale. 

The  bilaterally-symmetrical  form  of 
the  spinal  cord  is  pronounced  by  the 
presence  of  longitudinal  fissures  running 
along  it  dorsally  and  ventrally  and  if  one  imagines  the  points  of 
exit  of  the  dorsal  and  ventral  nerve-roots  to  be  respectively  con- 
nected together  by  a longitudinal  line,  each  half  of  the  spinal- 
cord  would  thus  be  divided  into  three  columns, — a dorsal,  lateral, 
<and  ventral. 

1 The  ventral  fissure  is  not  always  present,  and  the  so-called  dorsal  fissure, 
which  is  foi’ined  by  obliteration  of  the  greater  part  of  the  primitive  central  canal, 
is  better  described  as  the  dorsal  se2itum. 


Spinal  Cord  and  its 
Nkkvks.  In  A the  cord 
passes  to  the  end  of  the 
tail,  and  at  B it  ends  more 
anteriorly  and  passes  be- 
hind into  a filum  termin- 
ale (F.t). 

M.o,  medulla  oblongata;  Pc, 
cervical  nerves  ; Pb,  bra- 
chial nerves  ; P.tli,  thor- 
acic nerves  ; PI,  lumbo- 
sacral nerves  ; Ce,  cauda 
equina. 
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As  i’6gards  its  minute  structure,  two  parts  can  be  distinguished 
in  the  spinal  cord, — a,ioh%te  s?il?si(ance,  consisting  of  nerve-fibres  only, 
and  a ffray  suhstancc,  composed  of  nerve-cells  as  well  as  fibres.  Their 
relative  positions  vary  in  the  different  animal  groups,  as  well  as  in 
the  different  regions  of  the  cord  ; the  white  substance,  however, 
has  typically  a more  peripheral,  the  gray  a more  central  position, 
the  latter  surrounding  the  central  canal  and  usually  presenting  a 
pair  of  cloo'sal  and  ventral  cornua  in  transverse  section. 


2.  The  Brain. 

Before  the  medullary  groove  becomes  closed,  the  anterior  ex- 
panded part  of  the  medullary  tube  presents  three  swellings,  which 
are  spoken  of  as  the  primary  fore-,  mid-,  and  hind-hrain,  or  anterior, 
middle,  ^ and  posterior  cerebral-vesicles  (Fig.  1 24) ; the  cavities  of 
the  vesicles  {ventrielcs')  are  in  direct  connection  with  the  central 
canal  of  the  spinal  cord.  Both  the  primary  fore- brain  and  hind- 
brain then  become  differentiated,  each  into  two  parts,  and  thus  five 


5 ^ nr 


Fig.  124.— Diagram  of  the  Embryonic  Condition  of  the  Central  Nervous 

System. 

G,  brain,  with- its  three  primary  vesicles,  /,  II,  III-  R,  spinal  cord. 


divisions  of  the  brain  may  be  distinguished.  Counted  from  before 
backwards  these  are  -.—prosencephcdon  (secondary  fore-brain),  thala- 
mencephalon  (primary  fore-brain),  mesencephalon  (mid-brain),  meten- 
cephalon  _ (secondary  hind-brain),  and  myelencephalon  (primary 
hind-brain).  The  prosencephalon  usually  gives  rise  to  a pair  of 
Jobes,  the  cerebral  hemisyUeres,  and  in  the  mid-brain  a pair  of 
optic  lobes  ov  corpora  become  differentiated  dorsalh^,  and 

two  longitudinal  bands,  the  cmm  ventral ly.  The  ineten- 

cephalon  is  usually  spoken  of  as  the  cerebellum,  and  the  myelen- 
cephalon  as  the  mechdla  oblongata. 

From  the  base  of  the  prosencephalon  or  hemispheres  paired 
oLJactory  lobes  {rhinencephcda)  are  given  off  anteriorly,  and  the  floor 
or  central  part  of  each  hemisphere  becomes  thickened  to  form  a 
aige_  basal  ganglion,”  the  corpus  striatum,  while  its  peripheral 
part  IS  distinguished  as  the  “mantle”  or 2:>allmvi  (Fim  125). 

ihe  relative  development  and  differentiation  of  the  pallium 
vpnrb  relation  to  the  mental  development  of  the  animal,  and 

greatest  perfection  in  Mammals,  especially  in  Man.  In 
ertain  Iishes  the  pallium  remains  partially  or  entirely  non- 
nervous,  retaining  its  primitive  epithelial  character,  and  a layer 
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of  cortical  gray  matter  is  only  distinctly  differentiated  from  Rep- 
tiles onwards.  No  regular  series  of  gradations  can,  however,  be 
traced  in  this  respect  in  the  various  groups. 

Connecting  the  two  lateral  halves  of  the  fore-brain  are  certain 
transverse  bands  of  nerve-hbres  or  commisstcres.  An  anto’ior 
coimnissttre  is  present  in  the  posterior  region  of  the  secondary  fore- 
brain, a omddle  in  the  primary  fore-brain,  and  a posterior  in 
the  anterior  part  of  the  mid-brain.  In  addition  to  these,  others 
may  be  developed  between  the  hemispheres,  but  only  attain  im- 
portance in  Mammals  : they  are  known  as  the  corpus  callosum  and 
the  fornix. 

The  outer  surface  of  the  hemispheres  in  all  Vertebrates  below 
the  Mammalia  is  more  or  less  smooth  : in  the  latter  Class,  convolu- 
tions (pyri)  separated  by  fissures  {sulci)  may  be  present.  The 


Fu!.  12"). — Di.uiKAMMATic  LoNoiTuniNAr.  Skctiox  Tiniouon  Tine  Skull  and 
]3kai\  ok  an  (Idkal)  Vkutkishatu  Kaibkyo.  (In  part  after  Huxley.) 

Hr,  l)usis  ernnii  ; Ch,  notoclionl  ; SD,  roof  of  skull  ; NIP,  nasal  cavity  ; VII, 
secondary  fore-brain  (prosencephalon),  sliowing  the  corpus  striatum  (C's)  at  the 
base,  and  the  olfactory  lobe  (O/y)  anteriorly  ; ZII,  thalani encephalon  (primary 
fore-brain),  which  has  given  rise  dorsally  to  the  pineal  body  (epiphysis,  Z), 
and  ventrally  to  the  infundilnduin  (/),  to  which  the  pituitary  body  (hypo- 
jihysis,  IP)  is  attached  : anterior  to  this  is  seen  the  optic  nerve  (Opt),  arising 
from  the  optic  thalamus  ( 77to) ; IIC,  posterior  commissure;  Mil,  mid-brain 
(mesencephalon)  ; II II,  cerebellum  (metencephalon,  secondary  hind-brain)  ; 
Nil,  in-imary  hind-brain  (myclencephalon) ; tic,  central  canal  of  spinal  cord. 

convolutions  consist  of  folds  of  the  gray  cortical  substance,  which 
cause  a greater  or  less  increase  of  the  superficial  area. 

From  the  thalam encephalon,  the  ventricle  of  which  is  walled-in 
anteriorly  by  the  lamina  tcrminalis,  the  following  structures  arise 
(Fig.  125) : — the  optic  thalami,  formed  as  thickenings  of  its  lateral 
walls  ; the  primary  op>tic  vesicles,  arising  as  paired  ventro-lateral 
outgrowths  from  which  the  optic  nerves  and  retina  are  derived 
later;  the  pineal  apparatus,  developed  as  tube-like  outgrowths  of 
the  roof ; and  finally,  the  in f iLnclihulum,  iormedi  as  a funnel-like 
extension  of  the  floor,  together  with  a part  of  the  pituitary  hody 
{hyp>op>hysis).  The  otlier  portion  of  the  pituitary  body  arises  by  a 
gradual  pinching  off  of  the  epithelium  of  the  primary  oral  involu- 
tion {stomodeeum,  p.  5,  and  Fig,  126),  which  gives  rise  to  a 
gland-like  structure,  and  other  parts  {sacciis  vasculosus,  &c.)  arise 
in  close  connection  with  it. 
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The  inncal  apparatus  consists  of  the  epiphysis  or  pineal  organ 
proper,  which  persists  in  a more  or  less  rudimentary  condition  in 
all  Vertebrates,  and  of  a more  anteidor  outgrowth  which  may  be 
called  the  parietal  organ,  arising  from  the  epiphysis  or  indepen- 
dently from  the  roof  of  the  thalamencephaloii ; the  latter  organ 
becomes  atrophied  in  the  majority  of  Vertebrates.  Each  of  these 
structures  represents  a ve-stigial  sensory  organ,  and  in  certain  cases 
may  retain  to  a greater  or  less  extent  the  character  of  a median  eye — 
possibly  in  some  degree  comparable  to  that  of  Tunicates.^ 

Certain  facts  seem  to  indicate  that  both  organs  arose  primitively  in  a 
paired  manner.  Accessory  vesicles  occur  occasionally  in  young  Slow- 
wonns  (Angiiis),  in  which  as  many  as  two  or  even  three  rudimentary  vesicles 
may  be  present  behind  the  pineal  organ. 


Fio.  126.— Median  LoNcuTmiNAi.  Section  through  the  Head  of  a Newly- 
hatched  Larva  of  Pclromyzoii  jdaneri.  (Mainly  after  Kupfer.) 

/.b,  fore-brain;  m.b,  mid-brain  ; h.b,  liind-brain  ; ep,  epiphj^sis  ; hp,  hypophysis; 
St,  stomodseum  ; al,  cndodermic  alimentary  cavity  ; ch,  notochord. 


The  hypopaysis  apparently  represents  a glandular  organ,  the 
secretion  of  which  formerly  passed  into  the  ventricles,  and  various 
liypotheses  have  been  put  forward  as  to  its  first  orioin. 

O 


One  of  the  more  recent  of  these  theories  a.ssumes  that  it  corresponds  to  the 
primitive  mouth  {palcmstoma)  of  the  Proto- Vertebrata,  which  is  to  a greater 

irissfui  the  comlnned  unpaired  nasal  and  pituitary 

(see  under  Olfactory  Organ):  the  mouth  of  existing 
ertcbrates  must  then  be  distinguished  as  a neodoma. 


Both  the  primary  and  the  secondary  fore-brain  are  situated  in 
ihe_  pre-chordal  region  of  the  skull,  all  the  other  divisions  of  the 
Diain  lying  m its  chordal  portion  (comp.  p.  67). 

cotiAnlf  oblongata  undergo  fewer  mod  ill- 

ations than  the  fore-bram  ; only  the  anterior  part  of  the  thin 

secondary  outgrowth  or  paraphyds,  arising  from  the 

conaary  lore-brain,  has  been  observe.l  in  tl.e  cml.ryos  of  various  Vertei, rates. 
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roof  of  the  latter  (valve  of  Vieiossens^  is  uerv^ous,  and  its  floor 
becomes  greatly  thickened.  The  greater  number  of  the  cerebral 
nerves  nrise  from  the  medulla  oblongata,  so  that  its  physiological 

importance  is  very  gi'eat.  The  cerebellum 
may  become  more  or  less  distinctly  sub- 
divided into  lobes. 

In  the  course  of  the  development  of  the 
brain  the  walls  of  the  cerebral  vesicles  be- 
come more  and  more  thickened,  so  that 
their  cavities  undergo  a gradual  constriction. 

A series  of  unpaired  ventricles  (yrosomle, 
thalamoccele,  mcsoccelc,  mctaccde,  myelocoele, 
see  p.  153),  lying  in  the  longitudinal  axis  of 
the  brain,  as  well  as  paired  outgrowths  from 
certain  of  them,  can  always  be  distinguished 
(Fig.  127).  When  cerebral  hemispheres  are 
developed  (as  is  generally  the  case),  the 
prosocoele  gives  rise  to  paired  cavities,  ex- 
tending into  them,  and  known  as  the  lateral 
ventricles  (ventriculus  1 and  2);  each  of  these 
communicates  with  the  thalamoccele  or 
third  ventricle  by  means  of  an  opening,  the 
foramen  of  Monro,  and  may  be  continued 
into  the  corresponding  olfixctory  lobe  as  a 
rhinoccde  or  olfactory  vcoitricle.  Each  optic 
lobe  also  usually  contains  an  optic  ventricle, 
or  optocodc,  communicating  with  the  meso- 
coele  or  aqpiednct  of  Sylvius.  Thex’e  may  be  a 
distinct  metacoelein  the  cerebellum  opening 
into  the  myelocoele  or  fourth  ventricle. 


Fi(!.  1*27. — Diaoham  ok 
THK  V KSTHICCES  OKTIIE 
ViaiTKISliATK  J3kain. 

VIT,  cerelral  liemispliercs 
containing  the  lateral 
(1st  and  2nd)  ventricles 
(.S'F)  ; ZJf,  thalanion- 
ce])halon,with  tlie  tliiixl 
ventricle  {III) ; a tliick- 
ened  vascular  part  of 
tlie  pia  mater  {rhoroid 
jlexits)  roofs  over  the 
third  and  fourtli  ven- 
tricles ; each  lateral 
ventricle  communicates 
with  the  tliird  ventricle 
by  a small  aperture,  the 
foramen  of  Monro  ( FM ) ; 
Mil,  mid-brain,  which 
encloses  the  aqueduct 
of  Sylvius  {Aq),  com- 
municatingbetween  the 
third  and  fourth  vent- 
I’icles  ; II II,  cerebel- 
lum ; NH,  medulla  ob- 
longata, enclosing  the 
fourth  ventricle  [IV)  ; 
CV,  central  canal  of  the 
spinal  chord  [R). 


A so-called  ventricle,  situated  between  the 
corpus  callosum  and  fornix,  is  found  in  Mammals, 
but  morphologically  it  has  nothing  to  do  with  the 
ventricles  proper,  and  simply  represents  a space 
between  the  thin  internal  walls  {septa  lucida)  of 
the  two  hemispheres. 


All  five  cerebral  vesicles  lie  at  first  in 
the  same  horizontal  plane,  but  in  the  course 
of  development  a /lexicre  takes  place, 

the  axis  of  the  vesicles  becoming  bent  down- 
wards, so  that  at  a certain  stage  the  mesen- 
cephalon forms  the  apparent  apex  of  the 
brain.  In  Mammals,  the  parts  of  the  brain 
become  still  further  folded  on  one  another,  so  that  a parietal,  a 
Varolian,  and  a cervical  bend  may  be  distinguished  (Fig.  128)  : 
this  process  is  connected  with  the  further  development  of  the  skull 
and  the  rapid  longitudinal  growth  of  the  brain. 
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lu  Fishes  and  Amphibians  the  cerebral  flexure  later  becomes 
practically  obliterated,  but  it  persists  more  or  less  markedly  in  the 
higher  types,  more  particularly  in  Mammals.  In  the  latter  Class, 
moreover,  the  original  relation  of  the  parts  becomes  still  further 
complicated  by  the  large  development  of  the  cerebral  hemispheres, 
which  grow  backwards,  and  thus  gradually  come  to  overlie  all  the 
other  parts  of  the  brain.  This  condition  of  things  attains  its 
greatest  perfection  in  Man.  Thus  instead  of 
the  various  sections  of  the  brain  being  situated 
one  behind  another,  they  come  to  lie  eventually 
more  uj^on  one  another,  the  thalamencephalon, 
mid-brain,  cerebellum,  and  medulla  oblongata 
becoming  covered  over  by  the  hemispheres. 


Amphioxus. — The  conical  and  enlarged  anterior 
end  of  the  spinal  cord  of  the  Lancelet  contains  a 
widened  portion  of  the  central  canal  which  must  be 
looked  upon  as  a ventricle.  In  the  larva,  this  opens 
freely  on  to  the  exterior  dorsally  by  a newopove, 
which  probably  represents  the  last  indication  of  the 
primitive  connection  of  the  central  nervous  system 
with  the  outer  skin.  It  is  possible  that  the  anterior 
enlargement  of  the  cord  corresponds  to  the  fore- 
brain—and  perhaps  also  the  mid-brain— of  the 
Craniata. 


Cyclostomi.— The  brain  of  these  forms 
remains  in  many  respects  in  an  embryonic  con- 
dition : this  is  particularly  the  case  in  the  larval 
P etromyzon  or  Ammocoete  (Fig.  129).  In  the  adult 
the  individual  vesicles  lie  in  an  almost  horizontal 
direction  one  behind  the  other,  and  the  prosen- 
cephalon consists  of  a median  part  and  of  small 
paired  hemispheres  continuous  anteriorly  with 
the  larger,  rounded  olfactory  lobes.  The  median 
portion  of  the  prosocoele  is  continued  trans- 
versely outwai’ds  into  each  hemisphere,  in  which 
it  gives  rise  to  a lateral  ventricle  : this  is  con- 
tinued forwards  for  a short  distance  into  the 
base  of  the  olfactory  lobe,  as  well  as  backwards 
into  the  hemisphere.  The  roof  (pallium)  of 
the  median  portion  of  the  ventricle  is  non- 

* ‘T’’  "f  cells,  wl.ioh, 

0 ethei  with  the  pia  mater,  has  been  removed  in  the  prepa- 

"b  on"  a7r"‘?‘  ’'If-  \ mSa 

by  a mere  ^ is  represented 

riorlv  TI,rioof'  fourth  ventricle  ante- 

epithelial  cell?  ^ of  the  mesocoele  is  formed  mainly  bv  a layer  of 
P theJial  cells,  and,  like  that  of  the  third  and  fourth  v“entricles,  is 


Fig  128.— Cerebral 
Flexure  of  a 
Mamm.al. 

VJI,  prosencephalon; 
ZH,  thalamence- 
phalon, with  the 
pituitary  body 
(H)  at  its  base ; 
MH,  mesenceph- 
alon, which  at  8B 
forms  the  most 
projecting  por- 
tion of  the  brain, 
representing  the 
so-called  “parie- 
tal bend  ” ; HH, 
met  encephalon  ; 
NH,  myelence- 
phalon,  forming 
the  “ cervical 
bend  ” {NB) : the 
“Varolian  bend” 
{BB)  arises  on 
the  ventral  cir- 
cumference, at 
the  junction  be- 
tween HH  and 
HH ; B,  spinal 
cord. 
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covered  by  a thickened  and  vascular  portion  of  the  pia  mater  or 
choroid  plconts. 

A B 


Fig.  129.  — Bkain  of  Larval  Lamprey.  (A,  from  above  ; B,  from  below  ; 

C,  from  tlie  side.  ) 

VII  (Bas.G),  cerebral  hemispheres,  between  which,  in  A,  the  median  portion  of  the 
prosencephalon  is  seen,  with  the  membranous  roof  removed  ; L.ol,  olfactorj' 
lobe;  2T//,  thalamencephalon ;;  G.p,  pineal  body;  Hyp,  hypophysis;  Sv, 
saccus  vasculosus  ; Mil,  mid-brain  ; IIII,  cerebellum  ; NIT,  medulla  oblon- 
gata ; 3Ied,  spinal  cord  ; I-X,  cranial  nerves ; XII,  first  spinal  nerve  (hypo- 
glossal). 

The  brain  of  Myxine  shows  many  special  peculiarities : its 
subdivisions  are  broader  and  more  closely  approximated  than  in 
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the  lamprey,  and  the  thalamencephalon  cannot  be  seen  from  the 
dorsal  side  owing  to  t'ne  larger  size  of  the  solid  prosenceplialon. 
The  mesoccele  ends  blindly  in  front,  the  third  ventricle  being 
almost  completely  obliterated.  The  cerebellum  is  relatively  larger 
than  ia  Petromyzon,  and  no  pallium  has  been  recognised  in  the 
prosencephalon  of  the  adult. 

In  Petromyzon  the  pineal  apparatus  is  represented  by  two 
vesicles,  each  connected  with  the  dorsal  surface  of  the  thalamen- 
cephalon  (ganglion  habenulae)  and  lying  one  above  the  other  just 
beneath  the  roof  ot  the  skull;  the  integument  immediately  above 
these  vesicles  is  pigmentless.  The  cells  on  the  ventral  side  of  the 
dorsal  vesicle  (epiphysis)  are  arranged  radially  and  contain  pig- 
ment, foiming  a kind  ot  retina,  but  they  show  signs  of  degenera- 
tion, the  lower  vesicle  (parietal  organ,  p.  155)  is  without  pigment. 
In  Myxine  there  is  only  a single  pigmentless  vesicle. 

A saccus  vaseulosv.s  (comp.  pp.  154,  160,  ct  seq.)  is  present  in 
connection  with  the  infundibulum,  to  which  a small  pituitary 
body  is  attached.  ^ 

Elasmobranchii  and  Holocephali ^The  brain  of  these 

Fishes,  like  that  of  Cyclostomes,  is  in  many  respects  of  a sjDecialised 
toini,  chaiacteiistic  of,  and  confined  to,  the  group,  though  the  par- 
Hcular  regions  are  much  more  highly  developed  than  in  the 
Cyclostomi.  According  to  its  external  form  two  main  types  can 
be  distinguished.  One  of  these,  seen  in  Spinax,  Scymnus,  Noti- 
danus  and  the  Holocej^hali,  is  characterised  by  its  very  narrow  and 
elongated  form,  while  in  the  rest  of  the  Elasmobranchii  the  indi- 
vidual  parts  are  more  closely  compressed  and  approximated  together 
( ig.  1 30).  In  almost  all  Sharks  the  prosencephalon  is  relatively 
much  larger  than  any  of  the  other  regions.  The  olfactory  lobes 
arise  from  the  anterior  or  antero-lateivd  ends  of  the  prosencephalon 
and  in  some  Elasmobranchs  remain  in  close  connection  with  the 
latter  : in  others  in  which  the  olfactory  capsules  are  situated  further 
forwards,  they  become  drawn  out  into  long  olfactory  tracts  each 
continuous  anteriorly  with  an  olfactory  lulb  from  which  the  olfac- 
tory nerves  arise. 

A division  of  the  prosencephalon  into  paired  halves  is  hardly 
indicated  at  all  in  Rays,  and  only  slightly  so  in  the  commoner  Do(/- 
hslies  {e.y.,  Scyllium,  Acantluas),  in  which,  however,  lateral  and 
olfactory  ventricles  are  present.  Only  in  Scymnus,  and  to  seme 
extent  in  the  Notidanidse,  is  there  a distinct  separation  of  the 
pallium  into  two  hemispheres.  In  Rays  there  is  only  a small 
sm.g  e prosocoele  the  prosencephalon  consisting  of  a practically 
solid  mass,  and  the  olfactory  lobes  are  also  solid  ^ ^ 

ih..  h,'!,';  is  roofed  over  by  a choroid  plexus,  and 

the  an^ttin)  sucli  a length  as  to  extend  beyond 

<Ustali)Tnta  tb  distance,  ami  p.ass 

ciistally  into  the  roof  ot  the  skull ; no  indication  can  be  seen  of  a 

parietal  organ.  A pair  of  small  lobes— the  loU  ir,feriorcs—avQ 
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f.b,  prosencephalon  ; h.o,  olfactory  bulb  ; t.o,  olfactory  tract  (very  short  in 
Scyllium)  ; th,  thalamencephaloii ; ep,  base  of  pineal  body  ; if,  lobi  inferiores  ; 
h.p,  hypophysis  ; a'C,  saccus  vasculosus  ; m.h,  mid-brain  (optic  lobes) ; h.h, 
cerebellum ; m.d,  medulla  oblongata  ; fr,  fourth  ventricle  ; i-x,  cranial 
nerves  (the  ventral  vagus  roots  are  omitted  from  Fig.  B.  The  epithelial  and 
vascular  roof  of  the  third  and  fourth  ventricles  has  been  removed. 


present  on  the  infundibulum,  and  an  “ infundibular  gland  ” or  saccus 
vasculosus  is  present  on  the  sides  and  floor  of  the  infundibulum, 
which  is  connected  posteriorly  with  the  pituitary  body. 


Fig.  130. — Brain  of  Scyllium  canicnla.  (A,  dorsal ; B,  ventral ; and  C, 

lateral  view. ) 
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The  cerebellum  is  always  very  large,  overlapping  the  optic  lobes 
and  the  medulla  oblongata  to  a greater  or  less  extent ; it  is  divided 
up  into  several  folds  lying  one  behind  the  other,  and  usually  con- 
tainsa  metacoe  e opening  into  the  fourth  ventricle  (Figs.  130  and 
1 '^1  7^1  medulla  oblongata  is  an  elongated  cylindrical 

body,  while  in  Rays  it  is  more  compressed  and  triangular ; at  its 


Fiu.  131.— Brain  of  Cheilo- 
srylhum.  (From  Parker  and 
Haswell’s  Zooloijy. ) 

Viewed  from  the  dorsal  side, 
the  roof  of  the  various  ven- 
tricles  removed  so  as  to  show 
the  relations  of  the  cavities 
(semi-diagrammatic). 

cer,  dilatation  from  which  the 
metacmle  is  given  off;  dia, 
thalamoccele — the  reference 
line  points  to  the  opening 
leading  into  the  infundibu- 
lum ; iUr,  aqueduct  of  Sylvius 
(mesocmle),  into  which  the 
optoca-les  (o/V)  open  ; meta, 
myeloccele  ; jjara,  lateral  ven- 
tricle ; pro>t,  median  part  of 
prosocade  ; rh,  rhinocade. 


Fio.  132. — Brain  OF 

Le.pidoste.us..  (Dorsal 
view.)  (After  Balfour 
and  Parker.) 

chi,  cerebellum  ; e.h,  pro- 
sencephalon ; d.i,  thal- 
amencephalon ; m.o, 
medulla  oblongata  ; 
oif.l , olfactory  lobes  ; 
opt.J,  optic  lobes;  prs, 
lolies  of  prosencepha- 
lon. 


r^ysTp.  tw'Xwc/'ttr- 
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dements,  much  as  iu  Cyclostomes.  The  olfactory  lobes  arc 
closely  applied  to  the  prosencephalon,  which  gives  rise 
anteriorly  to  cerebral  hemispheres  containing  lateral  ventricles 
(Fig.  132). 

The  well-develojjed  thalamencephalon  has  a marked  ventral 
flexure  and  from  its  roof  arises  a strong  pineal  peduncle,  the  distal 
end  of  which  extends  into  a hollow  in  the  cranial  roof,  but 
undergoes  atrophy,  iu  Amia  becoming  completely  separated  olF 
from  the  brain,^  Well-developed  lobi  inferiores  are  present, 
and  the  hypophysis  ^ and  saccus  vasculosus  are  voluminous : 
the  latter  consists  largely  of  glandular  tubules  which  open 
into  the  infundibulum,  as  is  also  the  case  in  Elasmobranchs 
(p.  IGO). 

The  large  cerebellum  gives  rise  to  a valvnla  cercbelli  (comp. 
Fig.  1 34)  extending  forwards  into  the  ventricle  of  the  mid-brain  ; 
the  optic  lobes  are  also  large. 

The  brain  of  Amia  on  the  whole  most  nearly  approaches  that 
of  the  Teleostei  in  structure. 


Teleostei. — As  is  the  case  in  many  other  Fishes,  the  brain  in 
most  Teleosts  by  no  means  fills  the  cranial  cavity,  and  it  is  separated 
from  the  roof  of  the  skull  by  a greater  or  less  amount  of  a fatty 
and  lymph-like  fluid.  It  never  attains  to  so  large  a relative  size 
as  does  that  of  Elasmobranchs.  Its  form  varies  greatly,  more  by 
far  than  in  any  other  Vertebrate  group,  and  only  the  followiog 
essential  points  can  be  mentioned  here. 

Tlie  pallmni  is  entirely  epithelial  in  structure  (Figs.  133-135), 
and,  moreover,  it  presents  no  median  involution  dividing  the 
anterior  part  of  the  prosencephalon  into  two  lateral  hemispheres : 
there  is  a median  prosocoele.  The  lower  part  of  the  prosen- 
cephalon is  made  up  of  large  2Daired  basal  ganglia  (corpora 
striata)  connected  together  by  an  anterior  commissure.  The 
olfactory  lobes  are  either  closely  applied  to  the  prosencephalon 
and  contain  a small  rhinocoele,  or  they  become  differentiated  into 
olfactory  tract  and  bulb,  as  in  Elasmobranchs  (p.  159). 

The  thalamencejDhalou  is  very  small.  The  epiifliysis  (Figs. 
133,  134)  is  plainly  distinguishable,  but  it  does  not  pass  into 
the  roof  of  the  skull ; an  outgrowth  arising  from  the  roof  of  the 
brain  in  front  of  the  epiphysis  represents  the  j^a^rietal  organ, 
but  this  becomes  constricted  off'  from  the  brain  and  disajDpears 
during  development.^  Marked  lobi  inferiores,  as  well  as  a 


^ In  Polypterus  tlie  pineal  botly  gives  rise  to  a peculiar  and  extremely  large 
epithelial  vesicle.  In  Devonian  Ganoids  there  was  a parietal  foramen  (comp. 

P-  VI)-  . , , 

In  PoljTiterus  and  Calamoichthys  the  liypophysis  communicates  -with  the 
mouth-cavity  hy  a hollow  duet,  even  in  the  adult  (comp.  p.  155). 

^ A parietal  foramen  is,  however,  often  present  in  tlie  embryo,  and  persists 
throughout  life  in  Callicthys. 
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hypophysis  and  glandular  sacciis  vasculosus  are  present,  but  these 
vary  much  in  the  degree  of  their  development.  The  saccus 


A 


C 


L.ol 

*/  I t ir  } \ y IK/ 

VIjSv  W 

F.O.  (,1,  ^ 

S*ngli.  (coi^OTa  rtriatij'ot’th"  pro.ScaSo™' / rf'’  *i? 

Hn,  cerebell.,,,, ; xh,  mefilXlongata  ■ jL  '“'"'‘I ' 

S'rutundK;  and 
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The  mid-brain  (Fig.  133)  is  extremely  large  relatively,  while 
the  thalamencephalon  is  dejDressed  between  it  and  the  prosen- 
cephalon. 

The  extremely  well-developed  cerebellum  is  bent  upon  itself, 


VjJiCC/ 


Fit!.  1.34. — Loxoitudi.n'ai.,  Vkrtk.'ai,  Suction'  tiikouoh  the  Anterior  Part  of 
THE  Teleostean  Brain.  (Fouiidetl  oil  a figure  of  the  Trout’s  brain  by  Rabl- 
Riickliartl. ) 

Tco,  roof  of  the  optic  lobes  ; Tl,  torus  longitudinalis  ; Cp,  posterior  commissure  ; 
G]i,  pineal  body,  with  a cavity  in  its  interior ; Ep,  Ep,  the  epithelium 
(ependyme),  lining  tlie  Avails  of  the  A’entricles  ; t,  point  at  which  the  epithelial 
roof  of  the  secondary  fore-brain  (pallium,  Pa)  becomes  continuous  with  the 
lining  of  the  anterior  Avail  of  the  pineal  tube  ; at  f is  seen  an  outgroAvth  Avhich 
represents  a rudimentary  parietal  organ  ; V.nn,  common  ventricle  (prosoccele) 
of  the  secondary  fore-brain  ; V.t,  third  ven.tricle  ; B.ol,  N.ol,  olfactoi’y  lobe 
and  nerve  ; C.Ht,  corpus  striatum,  Avhich  lies  on  either  side  of  the  middle 
line;  Ch.n.opt,  optic  chiasma ; Ci,  inferior  commissure;  C/i,  horizontal  com- 
missure ; J,  infundibulum  ; H,  IP,  hypophysis ; Sv,  saccus  A'asculosus ; 
Li,  lobi  inferiores  ; Aq,  a(|ueduct  of  Sjdvius  (mesoccele) ; tr,  pathetic  neiwe  ; 
Val,  A-^alvula  cerebelli. 


overlies  the  medulla  oblongata  behind,  and  is  prolonged  in  front 
into  the  ventricle  of  the  mid-brain  as  a valvula  cerebelli  (Fig.  134), 
as  is  the  case  in  Ganoids. 

The  Teleostean  brain  is  of  a specialised  type.  It  has  no  direct 
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connection  with  that  of  Cyclostomes  or  Elasmobranchs,  but  has 
certainly  passed  through  Ganoid-like  stages. 

^-6p 


Fig.  135.— TE.-ixsvERSE  Section  through  the  Fore  Part  of  the  Teleosteav 

Brain. 

fr,  frontal  bone  underneath  which  the  pineal  tube,  Gp,  is  visible  in  transverse  sec- 
tion, and  below  this  the  pia  mater,  Pm-,  Pa,  the  pallium,  or  roof  of  the  sec- 
ondary fore-brain,  formed  of  a simple  epithelial  layer  : V.nn  nrosocrele  • Fn 
ependyme  ; T,  T,  olfactory  tracts  at  the  base  of  the  corpora  stdata  ’ 

Dipnoi.— Both  as  regards  external  and  internal  structure, 

certain  points  of  resemblance  may  be 
seen  between  the  brain  of  Dipnoans 
and  that  of  Elasmobranchs  on  the 
one  hand  and  Amphibians  on  the  other. 
This  fact  probably  indicates  that 
though  the  Elasmobranchii  and  Dipnoi 
have  arisen  from  a common  ancestral 
^yp6,  they  have  become  differentiated 
along  different  lines. 

The  prosencephalon  is  well  de- 
veloped (Fig.  136) : the  thin  pallium 
is  mainly  nervous,  and  is  involuted 
along  the  median  longitudinal  line  so 
as  to  completely  separate  the  two 
hemispheres  from  one  another  in 
Protopterus:  in  Ceratodus  they  are 
united  together  posteriorly  by  a narrow 
commissure.  Olfactory  lobes  arise 
froin  the  prosencephalon  anteriorly, 
and  contain  ventricles. 

The  thalamencephalon  of  Pro- 

auditory  nerve  - chi  cere  as  regards 

cere-  its  roof.  The  pineal  body  has  a long 

stalk,  and  its  distal  vesicle  perforates 

the  cartilaginous  roof  of  the  skull: 

in  the  embryo  Ceratodus  it  even 

leaches  as  far  as  the  integument. 

Ihe  choroid  plexus  gives  rise  to  a 

vesicular  organ,  and  as 


Fig.  1.36 
foHtc.ri. 


—Brain  of  Ceratodm 
Bor.sal  view.  (From 


, - — iicive;  cm,  cere- 
bellum -,fac,  facial  nerve  ; (d, 
glossopharyngeal ; med,  me- 
dulla oblongata ; mesence- 

phalon ; oc,  oculomotor  nerve: 
opt,  optic  nerve  ; 2>roH,  cere- 
bral hemisphere.s ; rh,  olfac- 
tory lobe.s  ; vfj,  vagu.s  nerve. 


regards 


its 
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network  of  blood-vessels  more  nearly  resembles  that  of  Elas- 
mobranclis  than  that  of  Amphibians.  Lobi  inferiores  are  present. 
Nervous  and  glandular  portions  can  here  also  be  recognised  in  the 
hypophysis. 

The  well-marked  mid-brain  is  indistinctly  jDaired  in  Ceratodus, 
but  is  unpaired  in  Protopterus. 

The  cerebellum  is  relatively  much  smaller  than  in  Elasmo- 
brancbs  and  Teleosts,  though  better  develo23ed  than  in  Urodeles : 
it  gives  rise  to  a valvula  cerebelli. 

^ Amphibia. — The  prosencephalon  of  Amj^bibians  is  distin- 
guished from  that  of  Dipnoans  by  a higher  develojoment  of  the 
[jallium,  which,  however,  even  in  the  latter  group,  is  differ- 
entiated into  an  external  layer  of  nerve  fibres  and  an  internal 
cellular  layer.  The  basal  ganglia  (cor|3ora  striata)  are  less 
mai'ked,  and  merely  form  a more  or  less  prominent  thickening 
of  the  wall  of  each  hemisphere  proiectinof  into  the  lateral 
ventricle. 

The  Amjjhibian  brain  does  not,  however,  lead  towards  that 
of  Reptiles.  Although  the  jirosenceiDhalon  is  more  highly  differ- 
entiated than  in  lower  forms,  the  thalamenceiDhalon  and  mesen- 
cephalon are  simider  than  in  Fishes;  and,  on  the  whole,  the 
brain  of  Amphibians  is  less  comj^licated  than  that  of  any  other 
Vertebrates. 

In  Urodeles  the  individual  jiarts  are  more  elongated  and 
separated  from  one  another  than  in  Amirans,  and  the  thala- 
mencei^halon  is  therefore  more  freely  exposed.  The  hemispheres 
are  almost  cylindrical  and  are  sejjarated  from  one  another  by  the 
pallial  fold  as  far  back  as  the  anterior  commissure,^  as  in  Pro- 
tojiterus;  while  in  the  Anura  (Figs,  137  and  138,  a)  they  are  fused 
together  for  a short  distance  anteriorly,  where  they  are  continuous 
with  the  olfactory  lobes.  The  thalamencejihalon  and  optic  lobes 
are  much  broader  in  Anurans  than  in  Urodeles.  The  cerebellum 
consists  simply  of  a small  transverse  fold,  and  is  especially  rudi- 
mentary in  Urodeles. 

The  infundibulum  and  hypophysis  are  well  developed,  but  a 
saccus  vasculosus  is  no  longer  so  distinct  as  in  Fishes,  though  traces 
of  it  can  still  be  recognised.  The  epiphysis  does  not  extend 
beyond  the  skull  in  Urodeles,  but  in  Anuran  larvae  it  reaches  the 
integument,  undergoing  reduction  later,  when  the  bony  skull-roof 
is  formed  ; indications  of  its  extracranial  23ortion  can,  however, 
sometimes  be  recognised  even  in  the  adult  (the  “ brow-sjDot  ” in 
e.g.,  Rana  temporaria) : thus  its  intracranial  portion  does  not 
rejjresent  the  entire  epiphysis.  A parietal  organ  a]pj)ears  to  be 
entirely  wanting  in  all  AmjDhibians  with  the  exception  of  some 
few  Anura  in  which  traces  of  it  have  been  described.^ 

In  the  Gymnojdiiona  the  olfactory  lobes  and  hemispheres  are 

^ The  dorsal  part  of  tlie  anterior  commissure  has  been  said  to  represent  a 
nidimentary  voriym  callomm  (comp,  note  on  p.  174,  and  Fig.  138,  a). 

^ A parietal  foramen  was,  however,  ])resent  in  the  Palajozoic  Stegocej^hala 
and  other  extinct  Amphibians. 
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relatively  larger  than  in  other  Amphibians,  and  the  hemispheres 
overlap  the  posterior  parts  of  the  brain  to  a larger  extent. 

A ^ • 

B 


Tr.o} 
Jnf 

Jlyp 


C 


Fig.  1.37.— Braix  of  liana  esculenta.  (A,  dorsal  ; B,  ventral;  and  C, 

lateral  view.) 

17/  cerebral  hemispheres;  ZII,  thalamencephalon  ; vl///,  mid-brain  ; II II,  cere- 
lellum  ; A II,  medulla  oblongata  ; Med,  spinal  cord  ; I-X,  cranial  nerves  ; 
la,  lateral  root  of  olfactory  nerve  ; XII  {!),  ventral  root  of  first  spinal  nerve 
( 13  poglossal) , and  1,  its  dorsal  root ; Ij.oJ,  olfactory  lobe  ; t,  space  between 
the  two  hemispheres;  Tr.opt,  optic  tract;  Jnf,  infundibulum;  Ilyp, 
hypophysis.  ^ if i > 

Reptiles.— The  brain  of  Reptiles  reaches  a considerably  higher 
stage  of  development  than  that  of  the  forms  already  described,  and 
t le  individual  parts  overlie  one  another  to  a greater  extent,  especially 
in  the  Aganue  and  Ascalabotie. 
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hemispheres  ax'e  more  highly  developed,  and  the  cortex  is 
differentiated  and  contains  the  characteristic  pyramidal 
cells.  In  many  cases  also  a distinct  liij)pocampal  lobe  (Figs.  139, 140) 


A 


VII,  Mil,  nil.  Nil,  prosen-,  mesen-,  meten-,  and  myelencephalon  ; II  in  (B), 
hemispliere,  whicli  possesses  a furrow  on  its  median  face,  where  it  is  perforated 
by  numerous  vascular  foramina  {S)  : this  furrow  forms  the  boundary  between 
the  hemisphere  and  olfactory  tract,  the  main  root  of  which  is  seen  atf  ; Lol-, 
olfactory  lobe;  I,  II,  IV,  origins  of  the  olfactory,  optic,  and  pathetic 
nerves  ; Ep,  **,  base  of  epiphysis,  which  is  not  shown  ; Ch.opt  and  Oh,  optic 
chiasma ; Lt,  lamina  terminalis  (the  reference  line  should  point  to  the  cut 
edge  below  Ba  and*),  Co. a,*  anterior  commissure  ; Ca,  Ba,  corpus  callosum  ; 
F.Mo,  Mo,  foramen  of  Monro,  above  which,  in  A,  is  seen  the  folded  choroid 
plexus  ; Cos,  superior  commissure  ; Co.p,  posterior  commissure  ; V“‘  and  V‘'~, 
third  and  fourth  ventricles  ; Th.  opt  and  il/,^  optic  tlialamas  ; Lo  (in  B),  aper- 
ture, and  Fu,  furrow  in  the  wall  of  the  third  ventricle  ; Aq,  Aq.Syl,  aqueduct 
of  Sylvius ; Jnf,  infundibulum  ; Hyp,  hy20ophysis. 

is  present  (Hatteria,  Chelonia,  Grocodilia),  and  the  commissural 
system  between  the  hemispheres  known  as  the  fornix  as  well  as  a 
so-called  “corpus  callosum”  (comp.  p.  174)  are  present  in  rudiment. 
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139.  ov  Halleria  punctata.  (A,  dorsal ; 13,  ventral ; and  C, 

lateral  view.)  ’ 
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A 


Fic!.  140. — Braix  of  Alligator.  (A,  dorsal;  B,  ventral;  and  C,  lateral  view. ) 

VH,  cerebral  liemispheres,  each  of  which  gives  rise  posterodaterally  to  a liijipo- 
campal  lobe  partially  overlying  the  corresponding  optic  tract,  Tr.opl  \ ZH, 
thalaniencephalon  ; MH,  optic  lobes ; HH,  cerebellum  ; Nil,  medulla 
oblongata  ; I-XII,  cranial  nerves  ; 1,  2,  first  and  second  spinal  nerves  ; B.ol, 
olfactory  bulb  ; ^'ro,  olfactory  tract  ; 6'.p,  iiineal  body;  ./«/,  infundibulum  ; 
Hyj),  hypophysis  ; Med,  spinal  cord. 
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The  olfactory  lobes  may  be  well  marked  or  entirely  invisible 
externally.  In  such  forms  as  Anguis,  Ampbisbsena  and  Typhlops 
they  are  closely  applied  to  the  bemispberes,  wliile  in  others 
Hattei'ia,  Lacerta,  Crocodilus)  each  consists  of  a well-marked  olfac- 
toiy  tract,  passing  anteriorly  into  an  olfactory  bulb  from  which  the 
neives  of  smell  arise.  Olfactory  ventricles  are  usually  present. 

The  thalamencephalon  is  always  dejDressed,  and  is  hardly,  or 
not  at  all,  visible  from  the  dorsal  side.  A distinct  hypophysis  and 


Fio.  14].— Lon-giti-dixal  Section  thkoitgii  the  Paiuetae  Eye  and  its  Oon 
NECTIVE-TISSI-E  Capsule  OF  Hatttna  piiuctata.  (After  BuIcIm in  Spencer.) 

cp,  connective-tissue  capsule  ; r,  “ lens  ; ” cr,  cavity  of  the  eye,  filled  with  fluid  ■ 

^ ; c.u,  cells  in  the  nerve’ 


infundibulum  as  well  as  an  epiphysis  are  present,  and  in  Lizards 
the  parietal  organ  retains  more  or  less  distinctly,  even  in  the  adult 
its  primitive  structure  as  a median  eye.  ’ 

t !:  'll'"  “ " connection  with  the  epiphysis,  tlioucrh 

in  the  embryo  the  nerve  which  supplies  it  is  seen  to  arise  in 

evrh"f  Tb  V'  outgrowth.  The 

thfckene  of  which  may  become 

ickened  to  form  a transparent  lens-like  body,  while  the  rest  of 
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the  wall  consists  of  several  layers  and  forms  a pigmented  retina, 
with  which  the  more  or  less  rudimentary  nerve  is  continuous.  The 
vesicle  is  surrounded  externally  by  a connective-tissue  cajDsule,  and 
in  many  cases  the  integument  and  connective-tissue  immediately 
overlying  the  vesicle  is  pigmentless  and  transparent,  forming  a 
kind  of  cornea.  Traces  of  a vitreous  body  have  also  been  observed. 
Various  degrees  of  reduction  of  the  different  parts  as  they  occur 
c.g.,  in  Hatteria  (Fig.  141),  are  seen  amongst  Lizards.  (See  also  p. 
155).  Traces  of  a parietal  eye,  with  lens  and  pigment,  have  also 
been  observed  in  the  embryo  of  the  Viper  (Pelias  berus). 

In  the  mid-brain  the  two  well-marked  optic  lobes  may  show 
indications  of  a further  subdivision  into  four ; from  them  the  optic 
tracts  pass  downwards  and  forwards  to  the  chiasma.  The  cerebellum 
is  relatively  small,  except  in  the  Crocodilia  (Fig.  140),  in  which  it 
consists  of  a thicker  median,  and  two  lateral  portions,  while  in 
other  Reptiles,  and  more  particularly  in  Lizards,  it  is  not  much 
more  highly  developed  than  in  Amphibians.  The  medulla  ob- 
longata has  a marked  ventral  flexure. 

Birds. — The  basal  ganglia  (corpora  .striata)  of  the  hemispheres 
reach  a relatively  larger  size  in  Birds  than  in  an}’’  other  Vertebrates, 
while  the  differentiation  of  the  cortex  and  commissures  does  not 
show  any  marked  advance  on  that  seen  in  Reptiles. 

The  different  parts  of  the  brain  overlie  one  another  much 
more  markedly  than  in  any  Reptile,  and  the  hemispheres  are 
much  larger  relatively,  covering  over  the  thalamencephalon  and  part 
of  the  mid-brain  (Fig.  142).  The  olfactory  lobes  are  .short  and 
conical.  The  distal,  enlarged  end  of  the  pineal  body  extends  as 
far  as  the  dura  mater,  and  the  structure  of  the  internal  part  of  the 
organ  resembles  that  of  a tubular  gland,  penetrated  by  fibrous  tissue 
and  blood-vessels.  There  is  no  trace  of  a parietal  organ. 

The  cerebellum  consists  of  a well- developed  and  folded  median 
lobe,  and  of  two  lateral  2")ortions  (flocculi),  which  vary  much  both  in 
foi’in  and  size.  Posteriorly  it  comihotely  covers  the  fourth  ventricle. 
The  two  optic  lobes  are  sejDarated  from  one  another  and  pressed 
downwards,  so  as  to  lie  on  the  sides  of  the  brain  in  the  angle  betwetii 
the  hemispheres,  cerebellum,  and  medulla  oblongata,  and  they  are 
connected  by  a broad  commissure.  The  ventral  side  of  the  hind- 
brain shows  a marked  flexure,  bending  upwards  to  the  s^Dinal  cord. 

Mammals. — The  brain  in  embryo  Mammalia  is  very  similar 
to  that  of  the  Sauropsida,  but  its  later  differentiation — more 
]Darticularly  that  of  the  pallium — gives  it  a very  special  character. 
The  cortex  becomes  much  more  highly  differentiated,  and  in 
many  Mammals  is  more  or  less  highly  convoluted  (Figs.  144,  146), 
giving  rise  to  gyri  and  sulci  (p.  154).  In  others,  again,  the  surface 
of  the  hemispheres  remains  smooth  (Fig.  143),  but  a subdivision 
into  lobes  (frontal,  jDarietal,  temporal,  &c.)  can  always  be  recog- 
nised to  a greater  or  less  extent,  and  the  hemis}Dheres  are 
relatively  so  large  as  to  cover  over  the  more  posterior  j3a,rts  of  the 
brain ; in  some  of  the  lower  forms,  the  mid-brain  can  still  be  seen 
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Fk;.  142.-Br.un  ok  Piokon.  (A,  dorsal;  B,  ventral;  and  C.  lateral  vieM. ) 
I II,  cerebral  lieinispheres  ; MU,  optic  lobes  ; HU  cerebellnm  . ^ i 

oU«n..tai  -1/rf  I'xil,  e.'.pial  ,,eV™ " J o' 


fiom  above  fFio.  14,3;  wliile  in  the  hieher  tvnes  ('Pl■Inv1fos^ 
part  ot  the  cerebellum  is  hidden  (Fios.  145  i4(J) 

and  ‘'"i  (<;<”?'«  cMmuvi 

in  hrswoostin  T?  ° "’O'®  I'igbly  developed  than 

though  Tair  „ th!  I Pallial  commissure, 

ou„n  small  m the  lower  Maminaha  (c..,.,  Monotreines  and 
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Marsupials)/  is  usually  a large  and  important  structure;  its 
relative  size  is  in  inverse  proportion  to  that  of  the  anterior 
commissure.  In  addition  to  the  anterior  and  posterior  commis- 
sures, a middle  commissure  is  definitely  differentiated  from  the 


Fig.  143. — Braix  of  Rarbit.  (A,  clor.sal ; B,  ventral ; and  C,  lateral  view. ) 

f.b.,  cerebral  liemispheres ; m.h.,  optic  lobe.s  ; h.h.,  cerebellum;  c.h'.,  superior 
vermis,  and  c.h".,  lateral  lobe  of  cerebellum;  md.,  medulla  oblongata  ; ep., 
jiineal  body  ; h.p.,  hypophysis;  pv.,  pons  Varolii  ; cr.,  crura  cerebri ; , 
pallial  fissure  ; h.o.,  olfactory  bulb  ; i-xii,  cerebral  nerves. 

base  of  the  brain  as  a distinct  structure  connecting  the  two  optic 
thalami. 

In  correspondence  tvith  the  division  of  the  hemispheres  into 
lobes,  there  is  a marked  differentiation  of  the  lateral  ventricles, 

1 Recent  researches  indicate  that  a true  corpus  callosum  is  in’esent  only  in 
the  Placentalia,  and  that  the  commissure  which  is  usually  supposed  to  represent 
it  in  lower  types  may  be  more  correctly  described  as  the  hippocampal  conunissure. 
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so  that  an  anterior,  a loostcrior,  and  an  inferior  cornu  can  be  dis- 
tinguished in  each ; the  inferior  cornu  extends  into  what  corresponds 
to  the  hippocampal  lobe  of  Reptiles  (p.  168_),  and  an  eminence  on 
Its  floor,  known  as  the  hippocamjms  major,  is  much  more  marked 
than  m lower  forms.  The  olfactory  lobes,  in  which  an  olfactory 


Fio.  144.-BKAIN-  OF  Doc;  (Pointkr).  (A,  dor.sal;  B,  ventral;  and  C, 

lateral  view.) 

VH,  cerebral  hemi.sphere.s ; MIJ,  optic  lobe.s ; ////  cerebellum  » 

J'l.p,  palhal  fis.sure  ; Rol,  olfactory  bull, ; I-XII,  cranifl  nerveL"'^^  ’ 

from  The  W TTtl®  ^distinguished  usually  extend  forwards  freely 

cohered  bHile  Suotr 
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The  pineal  body  is  displaced  downwards  by  the  hemispheres 
and  lies  against  the  anterior  part  of  the  mid-brain,  not  reachino- 
to  the  roof  of  the  skull.  Its  bifurcated  jaeduncle  connects  it 


Fui.  115. — Brain.  (Median  longitudinal  vertical  .section.) 

(Mainly  after  Reichert.) 

VJI,  corehruin  ; 7’o,  optic  thalamus  (thalamencephalon),  with  the  middle  eommis- 
Hure  (Cm)  ; Z.  ])ineal  body  ; T,  infundilnilum  ; H,  pituitary  body  ; MH, 
corpora  bigemina,  with  the  acpieduet  of  Sylvius  (Aq),  anterior  to  which  is 
seen  the  posterior  commissure  (C;;) ; HH,  cerel)ellum  ; NH,  medulla  oblongata, 
with  tlie  pons  Varolii  (P);  P,  spinal  cord;  B,  corpus  callosum;  G,  fornix, 
which  extends  antero-ventrally  to  the  lamina  terminalis  {Col),  in  the  upper 
])art  of  which  is  seen  the  anterior  commissure  (6’a),  and  between  the  latter 
and  the  optic  thalami  {To)  the  foramen  of  Monro  {FM) ; Tch,  tela  choroidea ; 
I,  olfaetory  nerve  ; II,  optic  nerve. 


Fig.  14G. — Convolutions  of  the  Human  Brain.  (After  A.  Kckcr.) 

Lf  frontal  lobe  ; Lp,  parietal  lobe  ; Lo,  occipital  lobe  ; T,  temporal  lolie  ; n,  h,  c, 
superior,  middle,  and  inferior  frontal  gyri ; A',  0,  anterior  and  posterior 
central  convolutions,  separated  from  one  another  hy  the  ^ssure  of  Rolando 
(B)  * cm,  the  calloso-marginal  sulcus  on  the  dorsal  surface  ; 1 , 1 , superior  and 
inferior  parietal  gyri  separated  from  one  another  by  the  interparietal  hssure 
(7);  Po,  parietal-oecipital  fissure  ; FS,  Sylvian  fissure  ; 1 to  3,  superior, 
middle,  and  inferior  temporal  convolutions  ; HH,  cerebellum  ; A II,  medii  a 
oblongata  ; R,  spinal  cord. 

witli  the  roof  of  the  thalamencephalon  and  contains  nervous 
substance ; its  distal  end  has  the  form  of  a rounded  or  oval  sac, 
consistincT  of  compact  epithelial  tissue  and  containing  concre- 
tions. No  indication  of  a parietal  organ  can  be  recognised. 


PERIPHERAL  NERVOUS  SYSTEM 


177 


Traces  of  the  saccus  vasculosus  and  lobi  inferiores  still  occur,  even  in  Man,, 
in  connection  vith  the  infundibulum.  ’ 

The  mid-brain  is  of  smaller  relative  size  than  in  other 
Vertebrates.  A transverse  furrow  across  the  solid  optic  lobes  sub- 
divides them  into  an  anterior  larger  and  a posterior  smaller  pair  of 
lobes  (comp.  p.  172). 

The  division  of  the  cerebellum  into  a median  and  two  lateral 
l^ortions,  already  indicated  in  Reptiles,  but  much  more  plainly 
marked  in  Birds,  is  carried  to  a still  further  extent  in  Mammals. 
The  median  portion  gives  rise  to  the  so-called  supcfioT  vcTniis 
while  the  lateral  parts  form  the  lateral  lobes  and  flocc%di  (Figs.  143, 
144).  The  two  lateral  lobes  are  connected  by  a large  commissure,' 
the  pons  Varolii  (Figs.  ] 43-145)  ; this  extends  round  the  medulla 
oblongata  ventrally,  and  is  more  largely  developed  the  higher 
we  pass  in  the  Mammalian  series.  Other  bands  of  nerve-fibres 
connecting  the  cerebellum  with  other  parts  of  the  brain  are 
spoken  of  as  anterior,  middle,  and  posterior  peduncles  of  the 
cerebellum. 

Tlie  brain  m Cretaceous  Birds  {e.cj.,  Hesperornis)  and  in  Tertiary 
31aininals  {e.cj.,  Dinoceras,  Triceratops)  was  much  less  higlily  developed 
and  tliG  liciuispliGres  rGlativGly  much  siiicillGr,  than  in  Gxisting  forms. 


II.  PERIPHERAL  NERVOUS  SYSTEM. 

_ Two  principal  groups  of  peripheral  nerves  may  be  distinguished 
VIZ.,  spinal  and  cerebral,  that  is,  those  which  arise  from  the 
spinal  cord  and  brain  respectively  : by  their  means  a physiological 
connection  is  established  between  the  periphery  of  the  body  and 
the  central  nervous  system  both  in  centripetal  and  centrifuo-al 
directions.  The  spinal  nerves  retain  the  more  primitive  and 
simple  relations,  and  all  show  a similar  arrangement  alono-  both 
dorsal  and  ventral  regions  of  the  spinal  cord,  so  that  each  se°graent 
01  the  trunk  possesses  a dorsal  and  a ventral  pair.  The  former 
consists  of  sensory,  the  latter  of  motor  fibres  (Fig.  147). 

Each  dorsal  or  sensory  nerve  has  a ganglion  in  connection 
with  It,  while  in  the  ventral  nerves  a ganglion  is  wanting,  at  any 
late  in  the  adult.  The  ventral  nerves  arise  as  direct  outgrowths 
from  the  spinal  cord,  while  the  dorsal  nerves  first  appear  as 
outgrowths  fmm  their  ganglia,  coming  into  connection  with  the 
cord  secondarily.  The  ganglia  themselves  are  developed  from  a 
nmral  ridge  of  epiblast  cells  lying  close  to  the  junction  of  the 

M distal  side 

ot  each  ganglion,  both  nerve-roots  almost  always  become  bound 

S'  the'anc^r"  iXate  tlSJ 

the  ancestors  of  existing  Vertebrates  the  dorsal  and  ventral 
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Fig.  147.  — Diagkam  illu.stkating  the  Origin',  Course,  and  Termination  of 
THE  Motor  and  Sensory  Firrks  of  the  Spinal  Nerves,  as  well  as  the 
Relations  of  the  Sensory  Collateral  Fibres  to  the  Points  of  Origin 
of  the  Ventral  Roots.  (After  M.  V.  Lenhossdk. ) 

Tlie  spinal  cord  is  sliown  as  if  transparent.  The  fibres  of  the  ventral  roots 
arise  from  the  cells  of  the  motor  ventral  cornua  of  the  gray  matter  (a)  and 
end  in  fine  branches  on  the  striated  muscle  fibres  (c).  The  spinal  ganglion 
(d)  is  shown  relatively  much  larger  than  in  reality,  and  in  it  only  a single 
unipolar  nerve-cell  is  represented  : the  centripetal  fibre  of  the  latter  is  seen 
entering  the  dorsal  root,  and  at  e bifurcates  in  the  spinal  cord  into  an  anterior 
(^)and  a posterior  (r/)  branch,  each  of  which  ends  freely  in  the  gray  substance, 
first  giving  off  numerous  collateral  fibres  (h).  The  centrifugal  fibre  of  the  cell 
in  the  spinal  ganglion  forms  a peripheral  sensory  fibre  extending  to  the  skin, 
where  part  of  it  is  shown  ending  in  fine  branches  in  the  epidermis  (i),  another 
part  forming  a coil  in  connection  with  a tactile  corpuscle  {k). 


roots  remained  distinct,  as,  in  fact,  is  still  the  case  in  Amphioxus 
and  Petroinyzon. 

The  common  nerve-trunh  formed  by  the  junction  of  the  two 
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roots  divides  up  again  into  a clorscd,  a ventral,  and  a visceral 
wancli.  Tlie  first  of  these  goes  to  the  muscles  and  skin  of  the 
back,  the  second  supplies  the  lateral  and  ventral  portions  of  the 
body-wall,  while  the  intestinal  branch  comes  into  connection  with 
the  si/mpatheiic  (p.  188). 


1.  SPINAL  NERVES. 

As  a general  rule,  each  corresponding  pair  of  dorsal  and  ventral 
roots  lies  in  the  same  transverse  plane : an  exception  to  this  is 
^en,  however,  in  Amphioxus,i  Cyclostomes,  Elasmobranchs,  and 
Lipnoans,  m which  the  mesoblastic  somites  of  the  riaht  and  left 
side  are  arranged  alternately,  and  thus  the  points  of  exit  of  the 
nerve-roots  also  alternate  right  and  left,  or  each  ventral  pair 
alternates  with  a dorsal  pair.  In  Ganoids  also,  lateral  displace- 
ments nt  the  nerve-roots  are  met  with. 

In  Fishes  the  greatest  variations  are  seen  as  regards  the  mode 
ot  exit  of  the  nerves  (which  pass  through  the  intercalary  pieces 
of  the  vertebral  column,  through  the  arches,  or  between  them) ; 
but  from  the  Amphibia  onwards  the  nerves  always  make  their 

the  arches,  through  the  intervertebral 

In  their  primitive  undifferentiated  condition  the  spinal  nerves 
have  a strictly  metameric  arrangement,  and  are  equalfy  developed 
n all  regions  of  Um  body.  As  already  pointed  out  in  the  section^on 
e spinal  cord,  this  condition  becomes  modified  by  the  development 
of  the  appendages,  so  that  a number  of  spinal  nerves  unite  to|ether 

their  position,  are  spoken  of 
as  ce/vual,  IrctcTiud,  lumlar,  and  sacral  (Fig.  121).  The  numbpr 

^^®se  corresponds  to  the  number  of  body- 
segments  taking  part  in  the  formation  of  the  appendages  and 

m^tofthriaTteV'  proportioaal  to  the  dev’elop- 

Fishes,  the  great  variation  in  the  plexuses  of 
ich  renders  It  mpossible  to  reduce  them  to  a common  lalan  we 
nd  from  the  Amphibia  onwards  a typical  grouping  of  the  bmncbp<! 
of  the  hracUal  pleo:us,  from  which  numerous  nerve!  ! rise  su3v  I 
the  shoulder  and  fore-limb  dorsally  and  ventraUv  /p  t 

radM.  MusJlo-mtamns,  Ind  S 

lw,aw-8^,cral  plams  shows  io  general,  and  moiB  m Z l.n-lv  in 
greater  variations  than  does  the  brachial  plexus 
venl:  "“err®/™”  ‘‘  dlrsalTn)  a 

es,  the  larger  ones  being  spoken  of  as  the  oUmicr 
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cmral,  sciatic, _ and  ^mdendic.  The  sciatic  divides  up  in  the  hind- 
limb  into  a tihial  and  a Jihular  nerved 


2.  CEREBRAL  NERVES. 

^ The  following  twelve  pairs  of  cerebral  nerves  can  be  distin- 
guished, and  of  these  the  eleventh  pair  are  plainly  differentiated 
only  in  the  Amniota,  and  the  twelfth  are  represented  by  the  first 
spinal  nerves  in  certain  Fishes  and  in  all  Amphibians 


I. 

Olfactory. 

II. 

Optic. 

III. 

Oculomotor. 

IV. 

Pathetic  or  trochlear. 

V. 

Trigeminal. 

VI. 

Abducent. 

VII. 

Facial. 

VIII. 

Auditory. 

IX. 

Glossoiiharyngeal. 

X. 

A^agus  or  pneumogastric. 

XI. 

Spinal  accessory. 

XII. 

Hypoglossal. 

In  their  mode  of  early  development  the  cerebral  nerves  resemble 
the  spinal  nerves  in  many  respects  (p.  177),  and  a gradual  tran- 
sition between  the  two  groups  is  indicated  in  the  lower  A^etebrata. 
Certain  of  them,  like  the  motor  spinal  nerves,  arise  as  direct 
ventral  outgrowths  from  the  embryonic  brain  (III,  VI,  XII,  and 
probably  IV  2).  Others,  again  (V  and  VII  in  part,  VIII,  IX, 
and  X),  arise  dorsally,  primarily  in  connection  with  their  indi- 
vidual ganglia  and  becoming  actually  connected  with  the  brain 
secondarily  ; these  must  therefore,  so  far  as  they  consist  of  sensory, 
centripetal  elements,  be  looked  uj3on  as  homodynamous  with  the 
dorsal  roots  of  the  spinal  nerves.  But  it  must  be  borne  in  mind 
that  all  these  nerves,  with  the  exception  of  the  olfactory,  ojDtic, 
and  auditory,  are  of  a mixed  character,  containing  motor  as  well 
as  sensory  fibres  ; and  a further  difference  between  them  and  the 
dorsal  roots  of  the  spinal  nerves  (comp,  note  on  p.  179)  is  seen  in 
the  shifting  of  their  origin  to  the  ventral  side  of  the  brain  during 
development. 

A study  of  development  shows  that  portions  of  the  epiblast  lying 
peripherally  to  the  l^rain  take  part  in  the  formation  of  the  ganglia  of  the 
trigeminal,  facial,  auditory,  and  vagus  nerves,  and  that  each  definitive 

1 In  animals  in  which  the  extremities  have  disappeared,  all  traces  of  the 
corresponding  plexuses  have  also  usually  vanished  : Snakes,  however,  still  retain 
remnants  of  them. 

2 The  fourtli  nerve  is  peculiar  in  appearing  from  the  dorsal  surface  of  the 
brain,  but  this  is  probably  a secondai’y  eoiulition  p.  184). 
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ganglion  consists  of  a primary  “ ii/n'imr’ ganglion  and  of  a more  peripheral 
Intend  ganglion  in  connection  Avith  the  nerve,  from  which  latter  an  epi- 
branehial  ganglion  arises  from  the  epiblast  dorsally  to  the  region  of  the  gill- 
clefts,  and  takes  part  in  the  formation  of  the  terminal  branches  of  the  nerve, 
llie  presence  of  an  epibranchial  ganglion  on  the  trigeminal  may  indicate 
the  former  presence  of  a gill-cleft  in  this  region. 

It  must  be  lemeuibered  that  the  head  is  primitively  composed 
of  a series  of  metameres  (p.  66),  and  it  is  therefore  important  to 
ascertain,  as  far  as  is  possible  in  the  present  state  of  our  knowledo-e, 
to  which  individual  metameres  the  different  cranial  nerves  belong. 
The  olfactory  and  optic  nerves  present  certain  peculiarities  which 
bring  them  under  another  category,  and  they  will  be  treated  of 
later  in  connection  with  the  corresponding  sensory  organs. 

The  following  general  summary  gives  a scheme%f  the  prob- 
able primitive  relations  of  the  head-segments  and  cerebral 
neives,  founded  mainly  on  the  conditions  existing  in  Elasmo- 
branch  embryos. 

T.\ble  showing  the  Segmental  Arrangement  of  the  Cerebral  Nerves 
their  Relation  to  the  Metameres  of  the  Head.  ’ 


Dorsal  branch, 


li'i  Mbtamere  (siiperioi-,  in- 
ferior, and  anterior  rec- 
tu.s,  and  inferior  oblicpie 
muscle).! 


Oculomotor  {III).  Ramus  ophthalmicus  pro- 


fundus of  the  trigeminal 
( F),  together  with  the 
ciliary  ganglion. 


•2nd  Metamere  (superior  I Trochlear  (7F). 
ohlmiipl  1 ' ' 


oblique).! 


Trigeminal  (with  its  gang- 
lion, minu.s  the  ramus 
ophthalmicus  profun- 
dus). 


3rd  Metamere  (posterior 
rectus).! 


Abducent  ( VI) 


Ml  Metamere  (muscles  j Wanting. 
Avhich  are  early  aborted).  I 


[ Facial  ( F/7),  and  audi- 
( tory  ( VIII),  M'ith  their 


ganglia. 


blh  Metamere  (muscles  Wanting, 
which  are  early  aborted). 


Wanting.  Glossopharyngeal 

with  its  ganglion. 


and  t th  Metameree  (jmrt 
of  the  most  anterior 
region  of  the  large  trunk- 
muscles). 


Appears  to  be 
wanting. 


s to  be  Vagus  (A'),  with  its  gang- 
intr.  lin  ° ® 


8</t  and  Qih  Melamerea  (an- 
terior part  of  trunk- 
muscles). 


V entral  roots  of  the 
hypoglossal. 


Vestigial  dorsal  roots  of 
the  hypoglossal  {XII), 
usually  only  present  in 
the  embryo. 


Figures  148  and  140  illustrate  the  distribution  of  the 
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also  Fig.  121).  The  ganglia  belonging  to  the  cerebro-spinal  system 
are  shown  in  both  figures,  those  belonging  to  the  sympathetic  in 
Fig.  149  only. 

Nerves  of  the  Eye-muscles.— The  oculomotor  (III) 
trochlear  or  pathetic  (IV)  and  abducent  (VI)  nerves  (Figs'. 
148  and  149)  supply  the  muscles  which  move  the  bulb  of  the  eye 
as  shown  in  the  table  on  p.  181.  The  oculomotor  arises  from 
the  base  of  the  mid-brain;  and  comes  into  secondai'y  connection  with 
an  oculomotor  or  ciliary  ganglion  which  primarily  belongs  to  the 
sympathetic  system. 

Tlie  trochlear  nerve,  although  actually  arising  in  the  interior 
of  the  ventral  part  of  the  mid-brain,  appears  externally  on  the 
dorsal  side  of  the  anterior  margin  of  the  hind-brain  (valve  of 
Vieussens  p.  loG).  Primitively  it  contains  sensory  as  well  as  motor 
fibres,  and  these  in  Fishes  and  Amphibians  supjDly  the  connective- 
tissue  of  the  eye  and  the  endocranium. 

The  abducent  nerve,  which  arises  for  back  on  the  floor  of 
the  medulla  oblongata,  also  probably  contains  mixed  fibres  in  the 
Anamnia.  In  the  Anura  it  becomes  closely  connected  within  the 
skull  with  the  Gasserian  ganglion  of  the  trigeminal. 

Trigeminal  Nerve. — This  is  one  of  the  largest  of  the  cerebral 
nerves.  It  arises  from  the  ventro-lateral  region  of  the  anterior 
part  of  the  medulla  oblongata  by  a large  lateral  sensory  and  a 
small  ventral  motor  root,  has  a large  intra-  or  extra-cranial 
Gasserian  ganglion  at  the  origin  of  the  former  and  then,  in 
Fishes  (Fig.  148),  divides  into  two  main  branches,  an  ojjlithahnic 
(including  a suiicrficial  and  a deep  ox  profundus  portion),  and  a max- 
illo-mandibular : in  most  terrestrial  forms  (Fig.  149)  the  maxillary 
and  matidibular  nerves  arise  separately.  From  the  presence  of  these 
three  characteristic  branches,  often  known  as  the  first,  second,  and 
third  divisions  of  the  trigeminal,  its  name  is  derived.  It  ]Dasses 
out  from  the  skull  sometimes  through  a single  aperture,  and  some- 
times by  two  or  even  three  distinct  ones. 

The  superficial  branch  of  the  first  division  is  usually  distinct  in 
Fishes  and  Dipnoans  and  probably  also  in  Urodeles,  and  passes 
dorsally  over  the  eye-ball,  the  deep  branch  passing  below  the  supe- 
rior and  anterior  recti  and  superior  oblique  muscles.  In  other 
Fishes  and  in  higher  forms  the  two  branches  appear  to  be  united. 
It  supplies  the  integument  of  the  forehead  and  snout  as  well  as 
the  eye-ball,  eye-lids  and  conjunctiva,  branches  apparently. going  to 
the  lachrymal  glands  when  present : it  is  entirely  sensory.  A con- 
section  of  the  profundus  with  the  ciliary  ganglion  arises  second- 
arily. 

The  second  division  of  the  trigeminal,  which  is  also  a sensory 
nerve  and  with  which  a sphenopalatine  ga7\glion  derived  from  the 
sympathetic  is  connected,  extends  first  along  the  floor  of  the 
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orbit,  suppl3ung  the  lachrymal  and  Harderian  glands,  when  present, 
as  well  as  the  roof  of  the  mouth ; it  then  passes  to  the  upper  jaw, 
supplying  the  teeth ; and  finally,  as  the  infraorbital  branch,  per- 
foiates^  the  skull  to  reach  the  integument  in  the  reo'ion  of  the 
upper  jaw,  snout,  and  upper  lip.  ® 

The  third  division  of  the  trigeminal  is  of  a mixed  nature;  it 
supplies  on  the  one  hand  the  masticatory  muscles  and  several 
inuscles  on  the  floor  of  the  mouth,  and  also  gives  rise,  from 
Amphibians  onwards,  to  the  great  sensory  nerve  of  the  tonaue 
(lingual  or  gustatory  nerve) ; while  another  branch,  passing 
through  the  inferior  dental  canal,  supplies  the  teeth  of  the  lower 
jaw,  and  then  gives  off  one  or  more  branches  to  the  integument  of 
t le  latter  and  of  the  lo\yer  lip.  Two  ganglia,  the  submaxillary  and 
le  0 xc  ( ig.  149),  derived  from  the  sympathetic,  are  connected 
witn  its  mandibular  division  (sensorj’^  portion). 

Facial  neije.— This,  which  is  also  a mixed  nerve,  originally 
possesses  two  distinct  ganglia  in  connection  with  its  sensory  and 
mixed  portion  (Fig.  148) : these  can  be  recognised  up  to  Urodeles 
but  in  the  course  of  development  one  of  them  gradually  comes  into 
connection  with  the  ganglion  of  the  trigeminal,  and  in  Anura.is 
indistmguishable  from  it.  The  other— known  as  the  geniculate 

comection  with  ite 

theitw^j 

for  the  supply  of  the  integu- 
mentary sense-organs  of  the  head  (p.  190),i  as  follows :-(«)  a sumr- 
Jmal  ophthalmic  running  parallel  to  and  usually  accompanyin/the 

offTnSbv®  w trigeminal;  (b)  a Uiich  gives 

ofl  an  blanch;  and  (c)  an  external  mandibular  ( = part  of  the 
hyomandibular,  see  below).  ^ pan  oi  rue 

II.  A sensory  («)  2Jcdatine,  anastomosing  with  the  maxillary 

..i„  largely  motor  { = !ujomandilmlar  less  the 

elements  uh,ch  give  rise  to  the  sensory  external  mlnditalar) 

Tn  fronfS  ^ l^«“aes  passing 

Amn",  ’^.^aebrates  (Caducibranchiate  Urodeles 

p laryngeal  section  (palatine  and  chorda  tympani)  and 
pharyIgtTanT:ig:;.s7^:?^^^^  1"-  '-'anches  of  the  glos.so- 

system  of  liavin  an  independent  and  distinct 

innervation  of  the  special  sensory  organs  tlie 

an.1  Amphibians.  The  amlitory^nei4  arises  from' UifrinfcentJ^'^^^ 
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the  main  trunk  (hyomandibular  less  its  lateral  line  elements).  The 
latter  is  connected  with  the  glossophaiyngeal  by  the  anastomosis 
of  Jacobson,  and  is  distributed,  as  its  name  imjDlies,  to  the  region 
of  the  first  and  second  visceral  arches : thus  in  Fishes  it  goes 
to  the  parts  around  the  spii'acle  and  to  the  muscles  of  the  oper- 
culum and  branchiostegal  membrane.  A small  remnant  of  this 
branch  in  the  higher  Vertebrates  supplies  the  sjiylohyoid  muscle  and 
the  posterior  belly  of  the  digastric  and  the  stapedius. 

In  Mammals  the  facial  is  mainly  a motor  nerve.  It  is  chiefly 
important  in  supplying  the  facial  muscles,  as  well  as  the  platysma 
myoides,  which  has  the  closest  relation  to  them  (p.  136).  The 
more  highly  the  facial  muscles  are  differentiated  (c.y.  Primates; 
especially  Homo),  the  more  comj)licated  are  the  networks  formed 
by  the  facial  nerve. 

Auditory  Nerve. — This  large  nerve  arises  in  close  connection 
with  the  facial,  and  corresponds  to  a sensory  portion  of  the  latter 
nerve  ; ^ it  possesses  a ganglion  (Figs.  148  and  149).  Soon  after  its 
origin  from  the  bi'ain  it  divides  into  a cochlear  and  a vestibular 
branch.  The  former  passes  to  the  lagena  or  cochlea,  while  the 
latter  supplies  the  rest  of  the  auditory  labyrinth. 

Vagus  group. — This  group  includes  the  glossopharyngeal, 
vagus,  and  spinal  accessory,  which  stand  in  the  closest  relation 
to  one  another,  and  are  more  nearly  comparable  to  the  s^Dinal 
nerves  than  are  the  cerebral  nerves  already  described.  It  consists  of 
both  sensory  and  motor  fibres,  the  former  being  connected  with 
ganglia  (the  jiujidar  and  i^ctrosal).  The  distribution  of  these 
nerves  differs  from  that  of  the  other  cerebral  nerves  in  not  being 
limited  to  the  head. 

Thus  the  vagus  supplies  not  only  the  ]Dharynx,  tongue,  and 
respiratory  organs,  but  also  sends  branches  to  the  heart,  laryn.x, 
and  a considerable  portion  of  the  digestive  tract,  as  well  as  to 
integumentary  sense-organs  of  the  trunk  in  ITshes. 

The  S’pinal  accessory  nerve  appears  for  the  first  time  in  the 
Amniota,  and  will  be  dealt  with  after  the  vagus  and  glossoj^haryn- 
geal  have  been  described  (p.  187). 

The  origin  of  both  g^lossopharyngeal  and  vagus  by  numerous 
roots  in  Fishes  (Fig.  148)  indicates  that  these  nerves  correspond  to 
a number  of  spinal  nerves,  and  this  comparison  is  further  justified 
by  the  fact  that  they  give  off  branches  in  the  region  of  the  pharynx 
and  visceral  arches,  in  which  a metameric  arrangement  can  be 
recognised. 

In  many  Fislies  and  in  Dipnoan.s  two  or  three  nerves  make  their  exit  from 
the  skull  ventrally  to  the  root  of  the  vagus  (Fig.  148):  these  “ spino-occipital 

1 On  the  supposition  that  tlie  auditorj’  organ  corresponds  to  a modified 
integumentary  sense-oi’gan,  the  auditory  nerve  would  belong  to  the  latei’nl  line 
system  of  nerves  {see  note  on  ]).  18jj). 
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or  intracraniiil  spinal  nerves,  which  liave  been  descriljed  as  “ ventral  roots  ” 
ot  tlie  A-agus  (see  p.  143),  have  nothing  to  do  witli  tliis  ner\'e,  and  i:)erliaps 
correspond  to  a part  of  the  hypoglossal  of  higlier  Vertebrates. 

Tu  Fishes  and  perennibranchiate  Ampliibians  the  glosso- 
pharyngeal leaves  the  skull  through  a special  foramen,  and  not  alono- 
with  the  vagus,  a lateral  line  branch'^  of  which  arises  separately 
troin  and  anteriorly  to  the  rest  of  nerve,  dorsally  to  the  glosso- 
pharyngeal  and  near  the  origin  of  the  sensory  part  of  the  facial 
(^ig.  i-18;.  IJiis  lateral  nerve,  which  may  divide  into  two  or  even 
three  branches  extends  along  the  side  of  the  body  to  the  tail, 
either  directly  beucatn  the  skin,  or  close  to  the  vertebral  column 

{c.g.  Elasmobranchii,  Dipnoi),  and  supplies  integumentary  sense 
organs. 

nlon^  thrdm-J^r’l'u superficial  branches  wliicli  extend 

in  ceiSL  f the  skin, 

in  ceitam  ieleosts  (Anacanthini)  dorsal  and  ventral  superficial  nerves  are 

ihe  t “ivvl  ' sometimes  been  described  as  cutaneous  branches  of 

, e tiigeininal  Ihese  requn-e  furtlier  investigation  : they  appear  to  belonc^ 

C1»|J  to  the  “ ram,,,  recrren,  " of  Siluroid,.  The  vag„s  Kiblv 

evemS  SSd  Xt”’’ 

In  tracing  the  development  of  the  lateral  nerves,  the  nervous  elements 

orthriateraUbmlrf^^  thickened  epidermis  in  the  region 

or  n ft  and  dii^L  a i iV"  ^o  say  whether  the  nerve  arises  in  situ 

1 nor  and  tins  is  also  the  case  as  regards  all  nerves  (VII.  IX  X f smmlv- 

ing  integumentary  .sense  organs  in  the  Anamnia.  ’ 

In  branchiate  Vertebrates,  the  glossopharyngeal  gives  off  a 
pharyngeal  branch  and  forks  over  the  first  branchial  cleft  while  the 

dm  branches  which  are  similarly  related  to 

the  following  clefts  (F.g.  148):  these  branchial  nerves  supply  the 
nicies  and  mucous  membrane  of  the  branchial  appaSs?^  In 

fron^tTp  b branchial  nerves  arises  independently 
om  the  biain.  It  will  be  remembered  that  the  facial  nerve  has 

crpfi spiracular  cleft  (p.  185).  Both  glossopharyn- 
ways  wrK^  f and  become  connected  in  various 

in^  f longer  be  recognised,  and  the  glossopharyngeal  passes 
‘ oft-Io  ? pt™ 

Amphibia.®'  ,s  hrst  mdicatG,!  in  Dipnoi  and 

Tt  first  appears  distinctly  in  Reptiles 

portion  0?  dm 

takiimnnbril’frf  * P'rsses  forwards  as  a colkaor. 

ahnAhe  aidl  luhl  * ‘f  if ‘'dV  S"®*'  extends 

o side  of  the  medulla  oblongata  into  the  cranial  cavity,  and 

' I be  glossopharyngeal  al,o  posserace  a lateral  line  bnmcl,  in  „„i,y  Ki,hes.  r 
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leaves  the  skull  through  the  same  foramen  as  the  vagus,  to  which 
it  gives  off  motor  elements.  It  supplies  certain  of  the  muscles 
related  to  the  pectoral  arch,  e.g.  the  sternocleidomastoid  and  the 
trapezius. 

Hypoglossal. — The  hypoglossal  corresponds  to  one  or  several 
of  the  anterior  spinal  nerves,  and  its  transformation  into  a cerebral 
nerve  can  be  traced  in  passing  through  the  Vertebrate  series. 
In  some  Fishes  and  all  Amphibia  it  does  not  pass  through  the 
cranial  wall  and  is  a true  spinal  nerve  ; and  in  most  Fishes  and  in  the 
Dipnoi,  its  inclusion  within  the  skull  can  be  seen  to  be  due  to  a 
gradual  assimilation  of  the  anterior  part  of  the  vertebral  column  with 
the  skull  (comp.  p.  45).  In  addition  to  its  numerous  ventral-roots 
one  or  more  dorsal,  ganglionated  roots  have  been  observed  in  the 
embryos  of  various  Vertebrates  (Figs.  148  and  149).  Two  dorsal 
roots,  each  with  a ganglion,  persist  in  Protopterus,  and  the  same  is 
apparently  true  as  regards  Polypterus  and  certain  Elasmobranchs  : 
ev^en  amongst  Mammals,  these  roots  can  exceptionally  be  recog- 
nised subsequently  to  the  embryonic  period.^ 

In  Fishes  (Fig.  148)  the  hypoglossal,  like  the  next  following 
spinal  nerves,  sends  branches  to  the  muscles  of  the  body,  the 
floor  of  the  mouth,  and  skin  of  the  back,  as  well  as  being  connected 
with  the  brachial  plexus.  In  higher  Vertebrates  (Fig.  149)  it 
supplies  the  intrinsic  and  extrinsic  muscles  of  the  tongue. 
These  lingual  branches  are  most  marked  in  Mammals,  in  which 
the  tongue  reaches  its  highest  development.  Elements  of  the 
cervical  spinal  nerves  also  run  along  with  the  hypoglossal,  and 
give  rise  to  the  so-called  ramus  dcsccndens  with  which  further 
cervical  nerves  are  associated ; and  from  the  “ ansa  hypoglossi  ” 
thus  formed,  branches  pass  to  the  sterno-hyoid,  sternothyroid, 
omohyoid,  and  thyrohyoid  muscles. 


Sympathetic. 

The  sympathetic  system  arises  in  close  connection  with  the 
spinal  s}'stem,  with  which  it  remains  throughout  life  in  close 
connection  by  means  of  rami  communicantes.  It  is  distributed 
mainly  to  the  intestinal  tract  (in  the  widest  sensc),^  the  vascular 
system,  and  the  glandular  organs  of  the  body.  The  sympathetic 
ganglia,  like  those  of  the  spinal  nerves,  show  originally  a segmental 
arrangement.  They  usually  become  united  together  later  by 
longitudinal  commissures  and  thus  give  rise  to  a chain-like 
paired  sympathetic  cord  lying  on  either  side  of  the  vertebral 
column.  From  its  ganglia  nerves  pass  off  to  the  above-mentioned 

^ The  dorsal  root  of  the  first  spinal  nerve  may  he  reduced  or  wanting  in 
^Mammals  — even  in  Man,  so  that  here  the  inodification  of  the  primary 
cliaracter  of  the  nerves  is  not  limited  to  those  within  the  skull. 
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systems  of  organs,  forming  numerous  plexuses.  Peripheral  gancrlia 
are  also  present  in  the  viscera.  ° 

The  sympathetic  extends  not  only  along  the  vertebral  column 
but  passes  anteriorly  into  the  skull,  where  "it  comes  into  relations 
with  a series  of  the  cerebral  nerves  (comp.  pp.  184,  185  and  Fio- 

149)  similar  to  those  which  it  forms  further  back  with  the  spinal 
nerves.  ^ 


The  original  segmental  character  frequently  disappears  later  on 

^ those  regions  where  marked 

modihcations  of  the  earlier  metameric  arrangement  of  the  body 
liave  taken  place— viz.,  in  the_  neck  and  certain  regions  of  the 
tiunk,  especially  tOAvards  the  tail : thus  there  are  never  more  than 
three  cervical  ganglia  in  Mammals. 

A sympathetic  is  not  known  to  exist  in  Amphioxiis,  and  in 
Petromyzon  it  appears  to  be  rudimentary.  In  Fishes  proper,  it  is 
moie  highly  differentiated,  especially  in  the  head  region,  while  in 
Dipnoans  It  _ has  not  been  observed.  In  Amphibians  the 
sympathetic  is  weU  developed,  especially  in  the  higher  forms 
( ig.  121).  In  the  Myctodera  it  extends  anteriorly  to  the  va^us 
ganglion  and  posteriorly  through  the  trunk  and  haemal  canal 
almost  to  the  apex  of  the  tail,  as  is  the  case  also  in  Teleostei 

In  the  bauropsida  the  cervical  portion  of  the  sympathetic  is 
usually  uoiible,  one  part  running  within  the  vertebrarterial  canal 
alongside  the  vertebral  artery.  In  all  other  Vertebrates  the  whole 
cord  lies  along  the  ventral  and  lateral  region  of  the  vertebral 

column  : it  is  generally  situated  close  to  the  latter,  and  overlie^ 
the  vertebral  ends  of  the  ribs.  ^vmiies 


III.  SENSORY  ORGANS. 

The  specific  elements  of  the  sensory  organs  originate,  like  the 
nervous  system  in  general,  from  the  epiblast ; the  peripheral  ter- 
minations of  the  sensory  nerves  are  thus  always  to  be  found  in 
relation  with  cells  of  ectodermic  origin,  which  become  secondarily 
conne^cted  by  means  of  nerve-fibres  with  the  central  neVvons 

The  sensory  apparatus  was  primarily  situated  on  a level  with 
the  epidermis  and  served  to  receive  sensory  impressions  of  Im+ 
slightly  specialised  kinds ; but  in  the  course  of  phyWeny  narts^ont 

passed  imvards  beneath  the  epidermis,  and  certain  ofAhLnec  ane 
differentiated  into  organs  of  a higher  physiological  ordei  vS 
those  connected  with  smell,  sight,  hcarinc, \nc\  taste  tTL  ’ 
situated  in  the  head,  and  except  the  itrlnt  nr.  J f ® 
enclo.sed  in  definite  sense-capsules  (p.  G8)  • thev  mnci 
tmguished  from  the  simpler  integumentanj  sense-organs  winch  ar^e 
concerned  with  the  senses  of  toueh,  tcmgJahtre  &c 

In  many,  and  more  especially  in  the  higher  sensory  organs,* 
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supporting  or  isolating  cells  can  be  recognised  in  addition  to  tlie 
sensory  cells  proper  ; both  kinds,  however,  being  ectodermic.  The 
mesoderm  may  also  take  part  in  the  formation  of  the  sensory 
organs,  giving  rise  to  protective  coverings  and  canals  as  well  as  to 
contractile  and  nutritive  elements  (muscles,  blood-  and  lymph- 
channels). 

In  the  sensory  organs  of  the  integument  of  Fishes  as  well  as  in 
all  the  higher  sensory  organs  the  medium  surrounding  the  end-organ 
is  always  moist.  In  both  cases,  we  meet  with  rod-,  club-,  or  pear- 
shaped  sensory  cells,  but  in  the  former  the  nerves  coming  from  them 
do  not  pass  through  nerve-cells,  as  they  do  in  the  organs  of 
higher  sense.  This  indicates  a lower  stage  of  development,  there 
being  no  differentiation  into  sensory  cell  and  nerve  cell. 

In  those  animals  which  in  the  course  of  development  give  up  an 
aquatic  life  and  come  on  land  (Amphibia)  the  external  layers  of  the 
epidermis  dry  up,  and  the  integumentary  sense-organs  pass  further 
inwards  from  the  surface,  undergoing  at  the  same  time  changes  of 
form.  Thus  from  Reptiles  onwards  the  rod-shaped  end-cell  no 
longer  occurs,  and  two  kinds  of  nerve-endings  are  seen  in  the  skin 
— terminal  cells,  and  fine  intercellular  ncrve-aietworks  known  as 
free  nerve-endings. 


Sense-Organs  of  the  Integument. 
a.  Nerve-eminences. 

In  Amphioxus  certain  rod-shaped  or  pear-shaped  cells  can 
be  recognised  in  the  epidermis,  especially  in  the  anterior  part 
of  the  animal  ; each  of  these  is  provided  distally  with  a hair-like 
process  and  proximally  is  in  contact  with  a nerve.  The  cells 
are  distributed  irregularly,  but  in  the  neighbourhood  of  the  mouth 
and  cirri  they  tend  to  form  groups. 

It  is  doubtful  whether  these  structures  in  Amphioxus  are 
directly  comparable  to  the  integumentary  sense-organs  of  Fishes 
and  Am]ohibians,  but  it  is  important  to  note  that  each  of  the  latter 
always  arises  in  the  first  instance  from  a single  cell  which  forms  a 
oroup  by  division.  These  organs  alwa}’s  consist  of  eentral  cells, 
arranged  in  the  form  of  a rounded  and  depressed  pyramid,  and 
of  a peripheral  mass  grouped  around  the  former  like  a mantle. 
The  central  cells  are  surrounded  by  a network  of  nerve-fibres ; 
each  of  them  bears  at  its  free  end  a stiff  cuticular  hair,  and  they 
are  to  be  looked  upon  as  the  sensory  cells  proper.  The  others 
function  only  as  a supporting  and  slime-secreting  mass  (Figs  150 
and  151). 

In  Dipnoi,  aquatic  Amphibia  and  all  amphibian  larym  these 
• organs  retain  throughout  life  their  peripheral  free  position,  on 
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MZr-- 


~MZ^ 

Fig.  150. — Tran.sver.se  Sec- 
tion OF  A Freely  Pro- 
jecting Segimental  Sense- 
Organ. 

The  cuticular  tube  and  the 
surrounding  epidermic  celLs 
are  not  represented,  GZ, 
central  (sensory)  cells ; MZ, 
MZ^,  peripheral  cells. 


a level  with  the  epidermis,^  but  in  Fishes  they  may  in  post-em- 
bryonic  time  become  enclosed  in  depressions  or  complete  canals  - 
which  are  formed  either  by  the  epider- 
mis  only,  or,  as  is  more  usually  the  case, 
by  the  scales  and  bones  of  the  head,  and 
which  open  externally.  The  organs  are 
thus  protected. 

These  sensory  organs  are  situated 
characteristically  along  certain  tracts, 
the  position  of  which  is  very  constant : 
in  the  head,  supra-orbital,  infra-orbital, 
and  hyomandihular  tracts  can  be  recog- 
nised, and  a lateral  line  (or  several — 

Proteus  and  all  Amphibian  larvae)  ex- 
tends along  the  sides  of  the  body  to  the 
caudal  fin  (Figs.  152  and  153).  They 
are  thus  often  spoken  of  as  segmental 
semory  organs  or  organs  of  the  lateral 
line?  The  portions  lying  in  the  region 
of  the  head  are  innervated  by  the  lateral 

hne  branches  of  the  facial,  glossopharyngeal,  and  vagus  {see  note 
OQ  p,  J.0OJ. 

Freely  projecting  nerve-eminences  are  not  present  in  Rays  and 
Ganoids,  and  are  only  of  minor  importance  in  Sharks.  In  all 
these  I ishes  the  integumentary  sense-organs  are  more  or  less  deeplv 
situated  being  enclosed  in  complete  or  incomplete  canals  arising 
as  pro  iferations  of  the  epidermis  extending  into  the  dermis  and 
becoming  greatly  branched. 

The  so-called  8av%s  vesicles  of  Torpedo,  the  '‘nerve  sacs”  of 
Ganoids,  and  the  ampiollcc  of  Elasmobranchs,  correspond  to  modified 
nerve-eminences.  They  are  all  limited  in  their  diLibution  to  the 

the  trunk,  being  most  numerous  on  the 
snout:  they  arise  from  thickenings  of  the  epidermis  which  later 

^ sensory  epithelium  is  differ- 
nnd  these  organs  retain  a simple  sac-like  form 

and  in  Torpedo  they  become  completely  separated  off  from  the 
epideimis,  while  in  other  Elasmobranchs  they  are  tubular  each 
tube  g.v.„g  nse  to  one  or  move  swellings  or  ampulte  ipmatell 

skin,  arul,  as  the  epidermis  grows  to^the  o™hmu 
the  exterior  and  reduced,  ami  may  finally  dbianneaT 

Ganehiata.)  In  other  Urodeles  tLy  Zy  Caduei- 

fe,  and  are  said  to  come  to  tiie  surface  when  the  aninlal  rehmi  ^ 

■"»«  .......iiy, 

3 I on  the  head  in  Dipnoans. 

n the  Dipnoi  they  are  not  limited  to  the  lateral  line  <in,l ^ 

they  have  no  regular  arrangement  and  ni-e  i.r.f  «ind  in  Marsipohranchii 

^ranchofthevagmsispic'S^^^^  munerou.s,  although  a lateral 
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l<Ki.  lol. — Nerve  Keevatiox  oe  a Urodele.  (Scmidiagi’aniinatic. ) 

«,  a,  cells  of  the  epidennis,  through  which  the  neuro-epithelium,  b,  h,  can  be 
seen  ; r,  the  terminal  hairs  of  the  latter  (the  peripheral  cells  are  not  repre- 
sented) ; 7i’,  hyaline  tube,  formed  as  a secretion  ; A,  the  nerve-fibres  passing 
to  and  surrounding  the  sensory  cells. 


Fig.  152. — Sensory  Canals  of  Chimcnra  monstrosa.  (After  F.  J.  Cole.)  The 
innervation  is  indicated  by  the  different  kinds  of  shading. 

(1.)  Supra-orbital  canal  (innervated  by  superficial  ophthalmic  of  facial — cross- 
hatched — the  black  segment  is  the  portion  innervated  by  the  profundus)  = 
cranial  [C)  + rostral  (li)  + sub-rostral  (Slf). 

(2.)  Infra-orbital  canal  (buccal -f  otic  of  facial — dotted)  = orbital  ((?)•)  + sub- 
orbital (SO)  + portion  of  angular  (A)  -I-  nasal  (N.) 

(3. ) Hyomandibular  or  operculo-mandibular  canal  (external  mandibular  of  facial 
— ldack)=  remainder  of  angular  (A)  + oral  (0)  -f-  jugular  {J.) 

(4.)  Lateral  canal  (lateral  line  branch  of  vagus — oblique  shading)  = lateral  (L)  + 
occipital  (Or)  -t- aural  (Au)  -f  post-aural  {PAu.) 
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oft  fiom  the  rest  of  the  tube  by  radial  folds  of  connective  tissue, 
and  containing  the  nerve-endings.  The  tubes  are  filled  ■with  a 
gelatinous  substance. 

The  function  of  tlie  nerve  eminences  is  doubtful,  but  it  appears 
that  they  are  concerned  with  the  perception  of  mechanical  stimuli 


Fig. 


153.— Distribution  of  the  Lateral  Sense-Organs  in 

Larv'a. 


A Sala.mander 


from  the  surrounding  water,  and  thus  are  important  as  reoards  the 
appieciation  ol  tlie  direction  of  tliese  stimuli.  ° 


The  horny  ivart-like  structures  .arising  periodically  clurinc--  the  lueedinc/ 
•seiLson  m Cypnnoids  and  known  as  “pearl  organs,”  are  flue  to^a  noc  ficati^ 
of  the  reduced  nerve-eminences.  Siinilar  structures  occur  in  Anura 


b.  Und-buds. 

/-The  nerve  eminences  pass  through  a stage  in  development  in 
which  they  clearly  resemble  end-buds,  and  the  latter  \nay  be 
looked  upon  as  the  phyletically  older  organs,  which  do  not  become 
so  highly  differentiated  as  the  former.  No  sharp  line  of  demarca- 
Gon  can,  however,  be  drawn  between  the  two,  as  all  kinds  of  inter- 

' ths  “ei've-eminences,  which  tend  to  sink  below 

the  suifaoe,  the^end-buds  usually  form  a dome-like  elevation  pro. 
jectmg  above  tU  general  level  of  the  epidermis.  A cent  al 
sensory  epithelium  provided  with  sensory  hairs,  and  peripheral 

SattCT®  “ " ‘he  former  are  £ lo^ng  as 

In  Lampreys  and  most  Elasmobranchs  they  remain  at  a nrimi 
tive  s age  of  development,  but  become  of  great  rportace  in 

*?whole”b  '"‘'‘ch  they  are  scattered  irregularly  over 

the  whole  body  and  are  particularly  numerous  in  the  fins  lin 

"’“r''-  Dipnoi  onwards  they  b i 


o 
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Fui.  ];)4a. — A Tactilk 
Sl'OT  KKOM  THE  SkIX 
OE  THE  Froc.  Seiiii- 
(liagniiniiiatic.  (Modi- 
fied from  Merkel.) 

iV,  nerve,  -Nvhieli  lo.ses  its 
medullary  slieutli  at  ; 
«,  o,  neuro-epitlielium  ; 
I),  epidermis. 


Fi(.'.  1540.— A Tactile  Corpuscle  [(End-Bplr)( 
FROJi  THE  Mar(hx  of  the  Conjunctiva  of 
Man.  (After  Uogiel. ) 

n,  medullated  nerve  fibre,  the  axis-fibre  of 
■\\  hieli  jiasses  into  a closely  coiled  terminal 
skein  ; h,  nucleated  fibrous  investment. 


Fio.  ].54ii. — Dermal  Papilla 
FROJI  THE  Hu.M.\N  FiNOER 
ENCLOSINC!  A TACTILE  COR- 
PUSCLE. (After  Lawdowski. ) 

a,  fibrous  and  cellular  invest- 
ment ; h,  tactile  corpuscle, 
M’itli  its  cells ; ii,  nerve-fibre  ; 
7?',  the  further  coui'se  of  the 
nerve-fibre,  showing  its 
curves  and  bends  ; n",  termi- 
nal t\vig.s  of  the  nerve-fibres 
M'ith  club-shaped  endings. 


Fig.  154d. — Transverse  Section 
THROUGH  A I’aCTILE  CoRPUSCLE 
FROM  THE  IteAIC  OF  A DuCK. 
(After  Carri6re. ) 

n,  nerve,  entering  the  capsule  K, 
its  sheath  {S)  becoming  con- 
tinuous with  the  latter.  The 
nerve  passes  between  the  tivo 
covering-cells,  JJZ,  DZ,  widen- 
ing out  to  form  a tactile  plate 
at  7ib  , 
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c.  Tactile-cells  and  covpuscles. 

(Terminal  ganglion  cells.) 

wmi  smface  of  the  epidermis,  and  supporting  cells  are  want- 

ofgroupsof  cells,  are  met  with 
loi  the  first  time  m tailless  Amphibians,  in  which  they  are  ritUted 

thereg,t7f^Sl  hLt  (n  the  ^^td  ‘sl’dTs^f  tttc^''7^  “ 

7tend  fv7"tVe“iW,ole  ?od)  7ose  fo“the'™™'  “'i 

Birds  the  tactile  cells  are  confined  to  In  Snakes  and 

tactile  cells  from  one  another.’  ^In  Mam3‘'fh7tachl 

either  isolated — as  forinstonce  Antncii  • i ^ tactile  cells  are 

or  they  mve  rise  to  nv«l  aa  ^ 

layered  and  nucleated  investmert""  intoTlL^T'"^  ^ 
comes  twisted  up,  and  comes  into  vALr  • 

CSi;: 'irir.- S:;  z'r.r-  “ 


d.  Ghch-shaped  corpuscles. 

(Pacinian  corpuscles.) 

corpuscles  are  prerent'in  addUim  toTl(*^*k™"’j*‘*®’  ‘’*"'>'Sl'aped 
organs  In  thL  Clslt^o^^  Ihle^yTn  1? ‘“V 
hps  and  teeth;  they  have  an  eloLitorl  „ iP  , “f  the 
is  simple.  ^ elongated,  oval  form,  and  their  structure 

the  axiI'-fibTe°orthfneTiIe  tSrbV*  ***"  eontinuation  of 

externally  to  this  is  a double  column  orcdl7whTl “1“’ 

club-shaped  axis  tFio-  Iaa'^  d io  i,  ® which  enclose  the 

« given  off  from  the  SxifiL  to  eLfcdl  %l  7“°'“ 

IS  enclosed  extermllv  h^r  • f column  of  cells 

nucleated  lamellm  7 wMch  WitaZal  and  7“®. 
he  distinguished.  ° circular  layers  can 

Organs  of  this  kind  are  universally  present,  deeply  situated, 

o 2 
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in  the  skin  of  Birds  and 
particularly  abundant  on 


A , axis  fiI>ro ; A'^,  tufted  f>r  knob- 
like end  of  the  Hanic  ; AS',  nnc- 
leated  slieath  f>f  nei've,  wliich 
pas.seH  into  tlie  external  longi- 
tudinal series  of  lamellie,  L ; Q, 
inteiaial,  cirenlar  layer  of  the 
extei'iial  ])art  of  tlie  club  ; JK, 
internal  partof  the  club  formed 
of  tlie  ccll-])illars. 


Mammals,  and  in  the  former  they  are 
the  beak  and  at  the  bases  of  the  con- 
tour-feathers of  the  wings  and  tail, 
and  are  also  found  on  the  tongue. 
They  occur,  moreover,  in  various 
other  regions,  both  in  Birds  and 
Mammals  {c.g.  the  various  organs 
of  the  abdominal  cavity,  the  con- 
junctiva, the  fascite,  tendons,  liga- 
ments, vas  deferens,  periosteum,  peri- 
cardium, pleura,  corpus  cavernosum 
and  spongiosum,  the  wing-membrane 
of  Bats,  &c.). 

The  tactile  cells  and  tactile  and 
club-shaped  corpuscles  are  all  con- 
cerned with  the  sense  of  touch.  It 
is  impossible  to  say  definitely  what 
nerve-endings  have  to  do  with  the 
perception  of  tcmpcrcUure ; it  is  not 
improbable  that  the  touch  cells,  as 
well  as  the  nerve-fibres  often  pro- 
vided with  varicose  swellings  which 
end  freely  in  the  epidermis,  are  con- 
cerned in  this  process.  Such  free 
ncrvc-cnclivgs  occur  in  the  skin  of 
all  Vertebrates,  and  consist  of  an 
intercellular  network,  no  direct  con- 
nection between  nerve  and  epithelial 
cell  having  been  observed. 


OLFACTORY  ORGAN. 

The  olfactory  lobe  as  already  mentioned  (p.  153)  represents  a pro- 
longation of  the  secondary  fore-brain,  the  ventricle  of  which  is  tem- 
porarily or  permanently  continued  into  it.  In  some  cases  it  becomes 
differentiated  into  olfactory  bulb,  tract,  and  tubercle  (pp.  159-175). 

The  olfactory  neo'ves  jDroper  are  connected  with  the  bulb,  and  are 
usually  arranged  in  a single  bundle  on  either  side,  with  more  or  less 
distinct  indications  of  a subdivision  into  two  bundles : they  ap- 
parently arise  in  continuity  with  the  epithelium  of  the  nasal 
involution  (cornp.  j)p.  177,  187)  and  then  groAv  centripetally, 
uniting  with  the  olfactory  lobe  or  bulb  secondarily. 

In  all  Mammals  but  Ornithorhynchus,  as  well  as  in  Menopoma, 
Apteryx,  and  the  extinct  Dinornis,  the  olfactory  nerves  pass  into 
this  nasal  cavity  separately,  through  a cribriform  plate  of  the 
ethmoid  (p.  99). 


OLFACTORY  ORGAN 
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Tlie  primary  origin  of  the  olfactory  organs  is  l)y  no  means  understood  : 
possibly  it  may  have  arisen  by  a nn)dification  of  primitive  integumentary 
sense-organs.  It  is  doubtful  whether  the  organ  can  be  said  to  have  a true 
olfactory  function  in  Fishes  and  perennibranchiate  Amphibians. 


lu  its  simplest  form,  the  olfactory  organ  consists  of  a ventral, 
jiaired,  pit-like  depression  of  the  integument  of  the  snout  opening- 
on  to  the  .suriace  by  an  external  nostril.  It  is  lined  by  an  epithelium 
which  is  connected  with  the  brain  by  the  olfactory  nerves.  The 
olfactory  mucous  membrane  contains  sensory  cells,  or  olfactory  cells 
proper- — usually  provided  with  sensory 
hairs,  separated  by  isolating  or  supporting 
cells,  both  kinds  having  a smilar  oriorin 
(Fig.  15G). 


These  olfactory  cells  are  .said  to  constitute  the 
only  true  neuw-epithelimn  in  Vertebrates,  as  the 
nerve  arises  in  connection  with  the  cell  itself, 
with  which  it  remains  continuous,  as  in  many 
Invertebrates  (j)rim(mj  sensory  cell,  Retzius).  The 
cell  is  therefore  not  merely  surrounded  by  a 
nerve-network  as  in  other  secondary  nerve-cells, 
and  the  olfactory  organ  thus  probably  represents 
a very  ancient  structure  phylogenetically.  It  is 
po.ssible,  however,  that  the  central  cells  of  the  in- 
tegumentary sense-organs  of  Anainnia  {e.y.  end- 
Imds)  may  be  directly  continuous  Avith  their 
nerA’es,  although  surrounded  by  a nerve-network. 

From  the  Amphibia  onwards  glandular 
elements  are  present,  the  secretion  of  which 
serves  to  keep  the  nasal  cavity  moist. 

The  olfactory  organs  of  all  the  true 
Fishes  exhibit  the  above-described  simple 
sac-like  lorm,  but  from  the  Dipnoi  onwards 
they  come  to  communicate  with  the  cavity 
of  the  mouth  as  well  as  with  the  exterior. 

In  consequence  of  this,  anterior  or  external, 
and  iiosterior  or  internal  nostrils  {choance)  can  be  distinguished, 
and  as  a free  passage  is  thus  formed  through  which  air  can  pass, 
the  olfactory  organ  takes  on  an  important  relation  to  the  respira- 
tory apparatus. 


Fig.  156.  — Epithelium 
OF  THE  Olfactory 
Mucous  Membrane. 
A,  of  Petromyzon  plan- 
eri;  B,  oi  Salamandra 
atra. 

B,  olfactory  cells ; E, 
interstitial  epithelial 
cells. 


In  Amphioxus,  the  ciliated  pit  .situated  above  the  anterior  end  of  the 
central  nervous  system  probalily  represents  an  unpaired  olfactory  organ, 
luices  of  a structure  possibly  homologous  with  this  are  said  to  occur  in  the 
embryos  of  tlie  Lamprey  and  Sturgeon. 


Cyclostomes.— In  these  forms  (Fig.  .54)  the  olfactory  organ 
consists  of  a sac,  containing  numerous  radial  folds  of  the  mucous 
membrane,  and  nnpavml  externally.  It  lies  close  in  front  of  the 
cranial  cavity,  and  opens  on  the  dorsal  surface  of  the  anterior 
pait  ol  the  head  by  a longer  or  shorter  chimney-like  tube.  In 
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Myxine  this  tube  is  long,  and  is  supported  by  rings  of  cartilage.  In 
the  larval  lamprey  the  organ  is  at  first  ventral  and  unpaired  (Fig. 
125),  but  subsequently  becomes  sunk  in  a common  pit  with  the 
pituitary  invagination  and  takes  on  a dorsal  position  : it  is  almost 
completely  divided  into  two  lateral  halves  internally  by  the  forma- 
tion of  a fold  of  the  mucous  membrane.  The  pituitary  sac  thus 
extends  backwards  from  the  ventral  side  of  the  organ  above  the 
mucous  membrane  of  the  mouth  ; in  Petromyzon  it  ends  blindly, 
but  in  Myxine  it  opens  into  the  oral  cavity,  iDerforating  the  skull 
floor  from  above  instead  of  from  below  as  in  other  Vertebrates. 

Fishes. — The  position  of  the  olfactory  organ  in  Elasmobrancbs 
(Fig.  157,  A)  differs  from  that  seen  in  Cyclostomes  in  lying  on  the 


A 


B Latekau  View  of  the  Head  of  a Vuui  {Esoxhirivs).  a and the  anterior 
’ and  posterior  openings  of  the  external  nostrils  ; t j fold  of  skin  separating  a 
and  b ; A(j,  eye. 


under  instead  of  the  upper  surface  of  the  snout,  and  thus  retains 
the  more  primitive  position.  From  these  Fishes  onwards  the 
oi’O'an  is  always  paired,  each  sac  being  more  or  less  completely 
enclosed  by  a cartilaginous  or  bony  investment  forming  an  outwork 

of  the  skull.  . . 

From  the  Ganoids  onwards  it  always  has  a similar  position  with 

regard  to  the  skull,  being  situated  between  the  eye  and  the  end  of 
the  snout,  either  laterally  or  more  or  less  dorsally : originally, 
however,  it  is  ventral.  In  the  course  of  development  each  external 
nostril  of  Ganoids  and  Teleosts  becomes  completely  divided  into 
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two  portions,  an  anterior  and  a posterior  (Figs.  157,  B,  and  158),  by 
a fold  of  skin.  The  nostril  often  lies  at  the  summit  of  a longer  or 
shorter  tube,  lined  with  ciliated  cells,  and  the  distance  between 
the  anterior  and  the  posterior  aperture  varies  greatly,  according  to 
the  Avidth  of  the  fold  of  skin  which  separates  them. 

The  mucous  membrane  of  the  nasal  organ  of  Fishes  is  always 
raised  up  into  a more  or  less  complicated  system  of  folds,  which 
may  have  a transverse,  radial,  rosette-like,  or  longitudinal  arrano'e- 

\ 


V 


ii(i.  158.— Lateral  View  of  the  Head  of  Jfurcena  htlena. 

VR  ancl  HR,  anterior  and  posterior  tubes  of  the  external  nostrils  ; A,  eye  • 
HSO,  integumentary  sense-organs. 


ment,  and  which  are  supplied  by  the  branches  of  the  olfactory 
nerve. 

cate? th^nTh^t’nf"''^  Pfdypterus  is  more  liighly  developed  and  compli- 
»nathi  -md  P ^ ^ ^ any  other  Fish.  Jn  certain  representatives  of  the  Plecto- 

Dipnoi — A nasal  skeleton  well  diffeientiatecl  from  the  skull 

It  cCists“!!r  '”‘Vl°‘  “ nipnoans-  In  Pi-otopterus 

It  cons  sts  of  a cartilaginous  trellis-work  enclosino-  each  olfactoi  v 

nective  tissur%teT"‘^  the  pterygopalatine  and  b)  con- 
transversp  fnl  1 mucous  menibrane  is  raised  into  numerous 

•tory  0™  in  t with  a lougitudinttl  fold,  and  the  olfac- 

y oan  in  general  most  nearly  resembles  that  of  Elasmobranchs 
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except  that,  as  already  mentioned,  posterior  (internal)  as  well  as 
anterior  (external)  nostrils  are  present.  The  latter  open  beneath 
the  upper  lip,  and  so  cannot  be  seen  Avhen  the  mouth  is  closed ; 
the  former  open  into  the  oral  cavity  rather  further  back. 

Tlie  peculiar  jrosition  of  the  anterior  nares  has  a phj'siological  .significance, 
at  any  x’ate  in  Protopterus,  in  connection  with  its  habits  (see  p.  17)  ; during 
its  sunnner  sleep  the  animal  breathes  througli  a tube,  passing  Iretween  the 
lips,  formed  from  the  capsule  or  cocoon  Avhich  encloses  it.  The  necessary 
moisture  for  the  olfactory  mucous  membrane  during  this  time  is  jrrovided 
1)}'  tlie  numerous  goblet  cells  which  line  the  walls  of  both  nostrils. 

Amphibia. — The  olfactory  organ  of  the  Pei’ennibranchiata  re- 
sembles in  many  respects  that  of  the  Dipnoi : it  is  always  enclosed 

within  a complete  or  perforated 
cartilaginous  capsule  situated 
laterally  to  the  snout  close  be- 
neath the  skin,  and  is  not  pro- 
tected by  the  bones  of  the  skull 
(Fig.  159).  Its  floor  is  largely 
librous,  and  the  mucous  mem- 
brane is  raised  into  radial  folds 
like  those  of  Cyclostomes  and 
Polypterus.  In  all  the  other 
Amphibia  it  becomes  included 
within  the  cranial  skeleton,  and 
lies  directly  in  the  longitudinal 
axis  of  the  skull  in  front  of  the 
cranial  cavity. 

The  structure  of  the  olfac- 
tory organ  now  becomes  modified 
in  correspondence  with  the  change 
in  the  mode  of  respiration ; the 
nasal  chamber  becomes  differ- 
entiated into  an  olfactory  and  a 
rcsinratory  portion,  and  an  ex- 
tension of  tlie  olfactory  sui’face  takes  place  by  the  formation 
of  one  or  more  iDrominences  on  the  floor  and  side-walls  of 
the  nasal  cavity.  These  prominences,  which  may  be  compared 
to  the  hirhinals  of  higher  forms,  are  j^resent  in  certain  Mycto- 
dera  (Fig.  160),  and  attain  a very  considerable  development  in 
Anura  and  Gymno23hiona,  especially  in  the  latter,  in  which  the 
nasal  chamber  is  converted  into  a comjDlicated  system  of  spaces 
and  cavities.  A main  chamber  and  a more  laterally  situated 
accessory  cavity  can  in  all  cases  be  distinguished,  even  in  the 
Derotremata  and  Myctodera ; the  accessory  cavity  lies  in  the 
maxillai’y  bone  (Fig.  160  and  165  A — E). 

Til  certuin  Gymnophiona  the  acce.ssory  cliamber  liccomes  entirely  shut  off 
from  the  main  cavity  and  receives  a sjiecial  branch  of  the  olfactory  nerve, 
s(j  that  in  tliese  cases  two  separate  nasal  cavities  can  be  distimruished. 


Xerturnn  mar  a!  at  nn.  (From  the 

dorsal  side. ) 

N,  olfactory  sac;  Ot,  olfactory  nerve; 
Pmz,  jiremaxilla  ; F,  frontal ; F, 
jiroccss  of  the  jiarietal  ; FF,  palato- 
jiter^'goid  ; AF,  antorbital  process. 
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G7«?ir?s,  situated  under  the  olfactory  mucous  membrane,  are  now 
also  met  with ; these  are  either  diffused,  or  united  to  form  definite 
masses.  They  either  open  directly  into  the  -nasal  cavity,  their 
secretion  serving  for  the  necessary  moistening  of  the  mucous  mem- 
brane (effected  in  iishes  by  the  external  medium),  or  they  pour 
their  secretion  into  the  pharynx  or  posterior  nostrils.  The  latter 
always  lie  tolei’abl}'  far  forwards  on  the  palate,  and  are  for  the  most 
part  ^enclosed  by  the  vomer,  as  well  as  the  palatine. 

. hinally,  the  naso-lachrymal  duct  must  be  mentioned  : it  passes 
out  from  the  anterior  angle  of  the  orbit,  through  the  lateral  wall 


Fi<;.  Kin.— TK..V.NSVERSE  Section  through  the  Olf.-vctory  C.-vvities  of 
Flethedon  (jhdinosns  (Myctodera). 


.•>,  6,  olfactory  mi.icou.s  membrane  ; A,  main  nasal  cavity : K,  maxillarv  cavitv  • 
C,  cartilaginous,  and  fibrous  portion  of  the  tiirbinal,  which  cLses  the 
olfactory  epithelium  (.E)  to  project  far  into  the  nasal  cavity;  //;  inteh- 
memt'L  the  cavity  of  the  mouth  by  tlfe ’oral  mucous 


of  the  nose,  and  opens  into  the  nasal  cavity  on  the  side  of  the 
upper  jaw  It  conducts  the  laclirymal  secretion  from  the  coniunc- 
tival  sac  of  the  eye  into  the  nasal  cavity,  and  arises  in  all  Verte- 
brates, from  the  Myctodera  onwards,  as  an  epithelial  cord  Avhich  is 
separated  off  from  the  epidermis,  and,  growing  down  into  the 
uermis,  becomes  hollow  secondarily. 


Reptiha.— Owing  to  the  growth  of  the  brain  and  facial  reo-ion 
and  to  the  formation  of  a secondary  palate  (p.  92),  the  olfactory 
organs  from  Reptiles  onwards,  gradually  come  to  be  situated  more 
ventially,  beneath  the  cranium. 

1 Ophidia,  and  many  Chelonia  possess  the  sim- 

plest olfactory  organs  amongst  Reptiles.  The  nasal  cavity  of 
Luards  is  divided  into  two  portions,  a smaller  outer  (anterior),  and 
a hugei  inner  (posterior)— or  olfactory  chamber  proper  The  fotfpr 
or.  y rs  provided  with  sensory  cellsf  tiro  fornr^rTeinw  IhJd  bl 
ordinary  stratified  epithelium  continuous  with  the  epidermis  and 

“its'S  Z ,f  ZP  rolled  onltselh 

farinto  1 chamber,  and  extends 

tai  nto  Its  lumen;  this  is  also  well  developed  in  Ophidia  in 

which  a distinct  outer  nasal  chamber  is  wantino-  • may  be 
<lerived  from  that  of  the  Amphibia.  • ° ^ 
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A large  gland  which  opens  at  the  boundary  between  the  inner 
and  outer  nasal  cavities  lies  within  the  turbinal.  Below  the  latter 
is  the  aperture  of  the  lachrymal  duct ; this  duct  in  some  Reptiles 
opens  on  the  roof  of  the  pharynx  (Ascalabota),  and  in  others  into 
the  internal  nostrils  (Ophidia). 


Tlie  structure  of  tlie  uose  in  Chelonians  is  very  complicated  and  varied. 
In  marine  Chelonians  it  is  divided  into  two  passages,  one  above  the  other, 

and  connected  by  means  of  a perfopition  of  the 
septum.  Tlie  comparative  jiaucity  of  glands  in 
the  olfactory  organ  of  Lizards  and  Snakes  forms 
a marked  contrast  to  the  condition  seen  in 
Clielonians,  the  nasal  organ  of  which  is  chai’ac- 
terised  by  a great  abundance  of  them. 

Tlie  extension  downwards  and  back- 
wards of  the  olfactory  organ  is  most  marked 
in  Crocodiles,  in  correspondence  with  the 
growth  forwards  of  the  facial  region  and 
the  formation  of  the  palate  ; its  posterior 
part  thus  comes  to  lie  below  the  brain 
and  base  of  the  skull.  Each  nasal  chamber 


lined  by  sensory  epithelium,  while  the 
lower  functions  as  a respiratory  portion 
only.  Certain  accessory  air-chambers  are 
connected  with  the  nasal  cavity.  A large 
gland  is  present  between  the  olfactory 
'Chamber  and  its  investing  hones,  and  opens  into  the  nasal  cavity. 
As  in  other  Reptiles,  there  is  oidy  a single  true  turbinal,  but  ex- 
ternally to  it  lies  a second  prominence,  which  may  be  sjioken  of  as 
a i^smdo -turbinal. 

Birds. — In  all  Birds,  as  in  Lizards,  there  is  an  outer  chamber, 
lined  by  stratified  epithelium,  and  a proper  olfactory  chamber, 
situated  above  the  Ibrmer.  Birds  also  possess  only  a single  true 
turbinal — if  by  this  term  is  understood  a free  independent  projection 
into  the  nasal  cavity  supported  by  skeletal  parts.  Two  other  pro- 
minences (pseudo-turbinals)  are,  however,  present ; one  of  which  lies, 
like  the  true  turbinal,  in  the  proper  olfactory  chamber,  while  the 
other,  like  the  pseudo-turbinal  of  the  Crocodile,  is  situated  in  the 
outer  portion  : these  are  simply  incurved  portions  of  the  whole 
nasal  wall  (Fig.  162). 

The  form  of  the  true  turbinal,  which  is  usually  supported  by 
cartilage — more  rarely  by  bone,  varies  greatly.  It  is  either  rejjre- 
sented  by  a moderate-sized  pi’ominence,  or  else  it  becomes  more 
or  less  rolled  on  itself.  The  lachrymal  duct  opens  below  and  an- 


is  divided  posteriorly  into  two  suj)erim- 
posed  cavities,  the  upper  of  which  repre- 
sents the  proper  olfactory  chamber,  and  is 


Fin.  1()1. — I)i.\(fit.\M  OK  Tino 
0i.K.\(;TOKY  f)R(i.\N  OK  .\ 
Lizard.  ( Longitiuliiml 
vertical  .section.) 

• IV,  7V,  miter  and  inner 
na.sal  chambers  ; t,  tulie- 
like  connection  between 
them  ; C'/i,  internal  nos- 
trils; ])aj)illa  of  Jaoob- 
.son’s  organ  ; Ca,  aperture 
of  communication  of  the 
latter  with  the  mouth  ; 
^^S,  oral  mucous  mem- 
brane. 
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^norly  to  it.  Tins  turbinal  is  comparable  to  that  of  Urodeles  and 
Reptiles. 

The  so-called  external  nasal  gland  of  Birds  is  situated  on  the 
Rental  or  nasal  bones,  along  the  up2Der  margin  of  the  orbit  It 
IS  supplied  by  the  first  and  second  branches 
■of  the  trigeminal,  and  corresponds  to  the 
lateral  nasal  gland  of  Lizards. 

Mammals. — Corresponding  to  the  much 
more  marked  development  of  the  facial  por- 
tion of  the  skull,  the  nasal  cavity  of  Mammals 
is  proportionately  much  larger  than  in  the 
forms  yet  described,  and  consequently  there 
IS  much  more  room  for  the  extension  of  the 
turbinals : these  give  rise  to  a spongy  laby- 
rinth, the  cell-like  compartments  of  which 
•are  lined  by  mucous  membrane;  and  thus 
variously  shaped  projections,  supported  partly 
^ by  cartilage  and  partly  by  bone,  are  seen  ex- 
tending  into  the  nasal  cavity  (Fig.  163,  A-c). 

The  normal  number  of  these  true  olfactory 
rulgcs  or  scrolls  varies  considerably.^  They 
may  be  arranged  in  one  row  (Ornithorhyn- 
■chus.  Cetacea,  Pinni^redia,  Primates),  or  in 
several  rows  (other  Mammals),  in  which  latter 
case  the  olfactory  lobes  are  largely  developed. 

ratnf  TnF t.he  degree  of  development  of  the  olfactory  appa- 
latus  taking  specially  into  account  its  cerebral  portion  (olfactory 

maJ2cVtreSoHf'“f"ff'  between  Mammals  which  are  macros- 
Whalebone  Wh^Ps  ^ mammalian  orders),  microsmatic  (Seals, 
WhalL)  ^ Monkeys,  Man),  and  anosmcttic  (most  Toothed 

above-mentioned  olfactory  scrolls  belong  to  the  true  olfac- 

as  in  all  but  the  first  of  the  series  their  skeletal  supports  usuallv 

Z first  con^o  rnto  ieli 

spoken  of  as  the 

i twfjmai.  It  must,  however,  be  borne  in  mind  that  tbp<;p 
do  not  correspond  to  the  tnrbinals  of  lower  Vertebrates  The 
are  represented  by  the  so-oalled  “ maxiUanj  tmLial"  sitaS  fn 

mun“Swi  ”-‘‘1  chambS 

portiorberomb^nllZ^  “‘“r' 

lh.s  ™a=oIlary  turbinal  no  longer  possesses  d 

; amongHt  Edentate.s  Oi-vcteroiniq  may  he  a.s  many  as 

G-imatestherLu-eonly  froni%>ne  to^tlnw  eleven;  while  in  adult 

•enihryo  (Fig.  ^ greater  numbei'  being  ].re.sent  in  the 


Flti.  162. — TraX.S  VERSE 
SECTION  THROEdH  THE 

Richt  N.vs.ae  C.avity 
OF  A Shrike  [Lanina 
mino)'. ) 

OM,  MM,  sujierior 
(psendo)  and  middle 
(true)  turbinal ; a, 
upper,  and  I>,  lower 
nasal  j^as.sage  ; LB, 
air  - chamber,  which 
extends  into  a hollow 
of  the  superior  tur- 
binal. 
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after  the  embryonic  period/  and  has  plainly  undergone  a change  of 
function  in  connection  with  the  percejDtion  of  the  Avarmth  and 

j. 


w cr. 


Ki(i.  Ki.S,  A. — Latkhai.  Vikw  ok  thk 
NaSAI.  ClIAMllKli  OK  A HCMAN  Em- 
IlUYO. 


1,  II,  III,  Llie  tlu’ou  olfactory  ridges;  f, 
su])ci-miiiieniry  ridge  whieli  occurs  in 
tlie  eiid)rvo ; u,  tip  of  tlie  nose  ; pi, 
liard  palate  ; rr,  base  of  skull ; ok, 
Eustacliian  ajierture. 


moisture  of  the  inspired  air. 
When  Avell  developed,  it  forms 
a single  or  double  coil,  and 
may  even  be  more  or  less 
branched  (Fig.  1G4).  Branches 
of  the  trigeminal  extend  over 
it,  and  supply  its  mucous  mem- 
brane. An  olfactory  and  a 
respiratory  region  can  there- 
fore also  be  distinguished  in  the 
nasal  chamber  of  Mammals. 

The  nasal  chamber  usuall}’’ 
communicates  Avith  neiirhbour- 

• 4 . ^ 

mg  cavities,  such  as  the  maxil- 
lary, frontal,  and  sphenoidal 
sinuses  (Fig.  1G3,  B,  c) : the 
two  last-mentioned  cavities 
arise  in  connection  with  the 


nasal  apparatus,  but  may 
lose  their  primary  func- 
tion,often  persisting  merely 
as  air-sinuses. 

The  nasal  glands  may 
be  divided  into  two  sets, 
— numerous  small,  diffuse 
Boivman's  glands,  and  a 
large  (jUnid  of  iitenson. 
The  latter  ajipears  early  in 
the  embryo,  and  often  be- 
comes great!}'’  reduced  later 
on  in  development  ; it  is 
situated  in  tlie  lateral  or 
basal  Avails  of  the  nasal 
cavity,  and  may  extend 
into  the  maxillary  sinus 
Avhen  the  latter  is  well 


developed. 

The  appearance  of  an 
external  nose  is  very  charac- 
teristic of  the  olfactory  or- 
gan of  Mammals  : this  must 
be  regarded  as  a derivative 
of  the  outer  chamber  of  the 
nose  of  RejAtiles  and  Birds. 


Fi(!.  163, 1!.— Sagittal  Section  through  tiik 
Nasal  and  Buccal  Cavities  of  the 
Human  Head. 

I,  II,  III,  the  three  olfactory  ridges ; sni, 
frontal  sinus  ; m",  sphenoidal  sinus ; ok, 
aperture  of  Eustachian  tube  ; be,  enti-ance 
to  the  mouth  ; l(j,  tongue;  v.i,  atlas  verte- 
bra ; v.ii,  a.xis  vertebra. 


1 This  is  also  true  of  the  anterior  (lower)  ethmoid  turbiual  in  mierosmatic 


Hammals. 
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It  is  supported  by  au  outward 
oartilao-iuous  septum  nasi 
which  arises  from  the  eth- 
moid, as  well  as  by  other 
secondarily  independent  car- 
tilages (rdi-ncisals)  which 
were  primarily  continu- 
ous with  the  general  carti- 
laginous wall,  but  become 
differentiated  from  the 
latter  in  various  Avays  in 
accordance  Avith  the  varied 
functional  adaptations  which 
the  outer  nose  undergoes. 
Thus  it  may  be  i^i’ovided 
Avith  a special  valvular  ap- 
paratus for  closing  the  nos- 
trils (aquatic  Mammals) ; or 
may  groAv  out  to  foim  a 
longer  or  shorter  trunk 
provided  Avith  a complicated- 
musculature  (Mole,  Shrew, 
Pig,  Tapir,  Elephant),  and, 
by  means  of  its  abundant 
nerve-sujDply,  serve  as  a 
delicate  organ  of  touch  and 
even  as  a 2:>rehensile  appar- 
atus. 


extension  of  the  nasal  bones  and  by  the 


tiCr.  163,  c.  f RANSVERSE  V ER.TICAL  Section 

THROUGH  THE*  NaSAL  CaA'ITY  OF  M.\N. 

inferior  (inaxillarA-),  middle,  and 
superior  turbinal ; a,  h,  c,  inferior,  middle, 
and  superior  nasal  ])a.ssage ; S,  septum 
nasi ; J,  J,  position  of  rudimentary  Jacob- 
son s organs,  which  are  situated  nearer  the 
floor  of  the  cavity  tlian  is  indicated  in  tlie 
hguie;  , point  at  which  the  naso-lachrymal 
duct  opens  ; +,  entrance  into  the  maxillarv 
ethmoidal  labyrinth  ; 
tr,  hard  palate  ; C.  cr,  cranial  cavitA' ; 
Ji,  maxilla  ; Or,  Avail  of  orbit. 


Fm.  IGJ.-Variou.s  For.ms  of  the  M.vxileo-tuhbin.al  of  -M.vmmaes. 


Jill  ^ wr  AJ..\.UMALS, 

’ 'lo«We  coil ; /?,  transition  from  latter  to  single  coil  E P-  C frnn«H-  i 

double  cod  to  the  .len.lritie  form  1).  ( After’ zVkeVSndl  " 


Jacobson’s  Oiigan. 

I>y  the  term  “ Jacobson’s  organ  ” is  understood  n n-iivo,! 
ip  tn6  HH/Scil  clicinibGr.  jincl  wliicli  i 4.1 


."T-W. 


Fig.  165. — Tkax.svekse  Sectioxs  of  the  Nose  ix  various  A'ertebrates. 


A — D,  Illustrating  the  various  ontogenetic  and  phylogenetic  stages  of  the  Jacob- 
son’s organ  of  Urodeles.  In  A its  position  is  median,  and  in  I)  lateral. 

E,  Gyinnophiona,  in  which  the  oi-gan  becomes  separated  from  the  main  nasal  cavity-. 

F,  Lacerta  agilis. 

G,  Placental  Mammal ; I,  tlie  same,  in  longitudinal  vertical  section. 

H,  Ornithorhynchus.  (After  Symington. ) 

A",  main  nasal  cavity  ; jc,  Jacobson’s  organ  ; c.j,  Jacobson  s cartilage  ; <).m, 
intei'inaxillary  gland  ; (j.n,  nasal  gland  ; n.o,  olfactory  nerve  ; ji.t,  trigeminal 
nerve  ; d.n,  naso-laclirymal  duct;  nix,  maxilla  ; o.d,  dumb-bell  shaped  bone. 
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^ A Jacobsons  organ  is  first  met  with  in  Amphibians.  In  yonno- 
Tilton  larvae  a small  gutter-like  medio-ventral  outgrowth  of  eacln 
nasal  cavity  arises,  with  which  the  ventral  branch  of  the  olfactory 
nerve  comes  into  relation.  This  outgrowth  later  undergoes  a re- 
lative change  of  position,  and  comes  to  be  situated  laterally  towards 
the  upper. law  (Fig.  165  a-d).  At  its  blind  end  a gland  is  developed 
In  feiren  the  primary  median  position  is  retained,  and  in  the  Axolotl 
It  does  not  extend  so  far  laterally  as  in  the  adult  Triton  The  acces- 
sory nasal  chamber  of  Coecilians  ^ (p.  200)  is  developed  in  a similar 
manner  (e),  and  a large  gland  is  in  connection  with  it.  There  can 
also  be  little  doubt  that  this  cavity  is  reiiresented  in  Anura 
Urodels  position  is  somewhat  different  to  that  seen  in 

The  Jacobson’s  organ  of  tlie  Amniota  is  also  developed  in  tlie 
medio-ventral  part  of  the  nasal  chamber,  close  to  the  septum  nasi. 
It  loses  Its  in-iniary  connection  with  the  former,  but  retains  its 
median  position,  lying  between  the  floor  of  the  nasal  cavity  and 
the  roof  of  the  mouth.  It  is  lined  by  an  olfactory  epithelium  and 
communicates  in  front  with  the  mouth  through  the  corresponding 
aso-palatine  canal  (p.  100).  In  Lacertilia  and  Ophidia  a papilla 
extmids  into  its  cavity  from  the  floor  (Figs.  161  and  165  f) 

Riri  present  in  Crocodiles,  Chelonians,  and 

lids,  but  rudiments  have  been  observed  in  embryos  of  Crocodilus 
bipoicatus,  and  certain  cartilages  on  the  nasal  floor  in  Birds 

?n.nn  ""TX?  T Jacobsoii’s  Cartilages  of  other  forms. 

Ar  ^ t .'^^°®^son’s  organ  is  most  marked  in 

^lonotremes  (Fig.  16o,  h),  in  which  it  is  much  more  highly  developed 
than  in  Lizards.  It  contains  a well-marked,  turbinal  like  rXe 
supported  by  cartilage  continuous  with  that  enveloping  the  orcran 

mi epithelium,  and  numerLs\knds  C 
present  in  the  mucous  membrane.  In  other  Mammals  (g  i)  it 
becomes  more  or  less  reduced,  though  often  well-marked  consisting 
of  two  tubes  lying  at  the  base  of  the  septum  nasi,  usually  eSi? 
by  sepai ate  cartilages  (Marsupials,  Edentates,  InsectivoreJ  Rodents 
Carnivores,  Ungulates).  A branch  of  the  olfkory  nerve  eiAei  Bie 
tube  posteriorly,  and  anteriorly  the  cavity  of  the  orJnn 
cates  with  the  mouth  througl/the  inoisivi  ll 
ludiments  of  the  organ  exist  even  in  Man  (Fig.  16.3  cl 

fnnrl  J^cobson’s  Organ  may  consist  in’  brinaino-  the 

foo<Uaken  mto  the  mouth  under  the  direct  control  of  theWacfory 
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fore-brain  knoAvn  as  the  primary  optic  vesicle.  It,  therefore,  like  the 
olfactory  lobe,  rejaresents  a part  of  the  brain. 

In  the  adult  brain,  the  optic  nerve  is  seen  to  arise  from  the 
thalam encephalon,  and  three  more  or  less  shai’iDly-differentiated 
portions  of  it'  may  in  most  cases  be  distinguished  ; these  are 

spoken  of,  from  the  i3roximal  to  the  distal  end 
respectively,  as  the  optic  tract,  chiasma,  and 
ourre. 

Tlie  cliiasma,  that  is,  the  crossing  (^f  the 
two  optic  nerves,  is  always  present,  though 
not  always  freely  exposed,  for  it  may  retain 
a primitive  position  deeply  embedded  in  the 
base  of  the  brain,  (e.y.,  Cyclostoini,  Dipnoi). 

In  most  Teleosts  the  optic  nerves  simpl}’- 
overlie  one  another  (Fig.  1(36,  a),  but  in  some 
of  these  Fishes  (Clupea,  Engraulis,  Fig. 
IGG,  b),  one  nerve  passes  through  a slit  in  the 
other,  and  this  condition  of  things  is  gradu- 
ally carried  still  further  in  Reptiles,  until 
finally  the  fibres  of  the  two  nerves  intercross 
in  a very  complicated  manner  (Fig.  166,  C,  d), 
giving  rise  to  a sort  of  basket-work  ; this  is 
finest  and  most  delicate  in  Mammals,  where 
its  structure  can  only  be  analysed  by  compar- 
insr  a series  of  sections.  A more  or  less 
complete  crossing  of  the  fibres  of  each  optic 
nerve  may  also  take  place  more  peripherally 
before  they  siwead  out  in  the  retina. 

In  contrast  to  the  eyes  of  Invertebrates, 
which  arise  by  a ditferentiation  of  the  cells 
of  the  superficial  epiblast,  the  sensitive  ele- 
ments of  the  Vertebrate  eye  correspond  to  a 
peripheral  portion  of  the  brain  (Figs.  167,  A 
and  b). 

As  the  primary  optic  vesicle  grows  out- 
wards towards  the  outer  skin  of  the  embryo, 
the  portion  which  connects  it  with  the  brain 
becomes  constricted  and  by  degrees  loses  its 
cavity,  giving  rise  to  a solid  cord,  from  which 
the  o]Dtic  nerve  is  formed. 

At  the  point  where  the  vesicle  touches 
the  eiDiblast,  the  latter  becomes  thickened  and  the  outer 
wall  of  the  vesicle  invaginated  to  form  a double-walled  cup, 
the  secondary  optic  vesicle  (Fig.  167,  b).  The  inner  and 

outer  walls  of  the  cup  then  become  fused  together,  the 
former  giving  rise  to  the  sensory  epithelium  of  the  retina,  and 
the  latter  to  the  pigment  epithelium.  The  fibres  of  the  optic 
first  differentiated  in  its  retinal  jDortion,  and 


Fi(i.  ]()().— Ciii.\sM.\ or 
TIIK  Ol’TIC  NkHVES. 
{Scini<liagraniiimtic.) 

A,  diinsina  cliaruc- 
teristic  of  tlie  greater 
miiuBer  of  'J'elcoHtei ; 

B,  lferring;C,Lacer- 
ta  agilis  ; D,  an  Ag- 
aina ; E,  a higlier 
Mammal. 

Chi,  chiasma  of  the 
buiulle  of  nerves  ly- 
ing centrally ; Ce, 
Oeh  /S',  lateral 
fibres;  Co,  eommis- 
sui’e. 


nerve  are 


grow 
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centripetally  towcards  the  brain ; centrifugal  fibres  also  arise 
later. 

In  the  course  of  further  development,  the  epiblastic  thickenino- 
mentioned  above,  which  is  often  at  first  hollow,  becomes  separated 
liom  the  epiblast,  sinks  more  and  more  into  the  interior  of  the 

differentiated  to  form  the  crystalliiu  lens 
K ’ space  within  the  optic  vesicle  becomes 

led  by  mesoblastic_  tissue,  which  grows  in  from  the  ventral  side 
of  the  secondary  optic  vesicle  through  the  so-called  choroid  fissure 

VI£ 


b poinS^vhich'tliTirS  [rT. 

which  the  pigment  epithelium  is  formed  • outer  layer  {AB),  from 

primaiy  optic  vesicle  • //  lens  wlnVli  n.-i  ’ ’ the  cavity  of  the 

epihlast  (E)  ■ * noint  of’inv^’  '' as  a cup-shaped  involution  of  the 
hlastic  tissue,  which  at  d/"  1/^  to  form  the  lens  ; MM,  meso- 

lens  as  the  latter  becomes  s’eVateToff' amflr^  ‘ ‘^Pi'^last  and  the 

well  as  to  the  iris  ; C',  v'treoitrchamb;r  o/  I to  the  cornea  as 

retina,  which  later  becomes  filied  by  the  vitreous  humoui^^®" 

humour  (Fio-  1(37  t,',  ^i  1 

blood-veS  in7a  supplied  with 

ers;-  ‘i't’ vtrl:! 

p 
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the  iris  (Fig.  168),  which  retains  in  the  centre  a circular  or  slit-like 
aperture,  the  'p'lifpil,  through  which  the  rays  of  light  pass.  The 
amount  of  light  admitted  is  regulated  by  the  dilator  and  con- 
strictor (sphincter)  muscles  of  the  iris,  which  are  able  to  increase 
or  lessen  the  size  of  the  pupil ; the  iris  thus  serves  as  a screen  to 
regulate  the  amount  of  light  which  enters  the  eye. 

Not  only  is  the  size  of  the  pupil  inconstant,  but  the  lens  is  also 
capable  of  undergoing  considerable  change  in  form,  becoming  more 
flattened  or  more  convex,  as  the  case  may  be.  The  former  con- 
dition occurs  when  distant,  the 
latter  when  near  objects  are 
looked  at.  This  delicate  accom- 
modating cap’pavatiis  is  regulated 
by  a ciliary  nmsclc  (tensor  clioro- 
idcai)  supplied  by  the  oculomotor 
nerve,  which  arises  in  a circle  all 
round  the  eye  from  the  point  of 
junction  of  the  iris  and  sclerotic 
and  is  inserted  along  the  peri- 
pheral border  of  the  iris  (Fig. 
168). 

Externally  to  the  vascular 
layer  of  the  choroid  is  a lymph- 
sinus  with  pigmented  walls 
(lamina  ficsca) ; and  externally  to 
this,  again,  is  a firm  fibrous,  partly 
cartilaginous,  or  even  ossified 
layer,  the  sclerotic.  The  latter 
passes  internally  into  the  sheath 
of  the  optic  nerve,  Avhich  is  con- 
tinuous with  the  dura  mater,  and 
externally  into  the  cornea,  the 
outer  surface  of  which  is  covered 
over  by  an  epithelial  layer  con- 
tinuous with  the  epidermis — the 
conjunctiva.  The  sclerotic  and 
cornea  together  form  a firm  outer 
support  for  the  eye,  and  thus,  to- 
gether with  the  gelatinous  mass 
of  the  vitreous  humour,  guarantee 
the  rigidity  necessary  for  the  physiological  activity  of  the  nerve 
end-apparatus.  Between  the  cornea  and  iris  there  is  a large  lymph- 
space,  the  anterior  cliamher  of  the  eye  (Fig.  168),  its  contained 
fluid  being  called  the  agueous  Immour.  Other  lymph-spaces  are 
also  present,  e.g.,  between  the  choroid  and  sclerotic. 

The  deep  orbit,  formed  by  the  skull,  serves  as  a further  pro- 
tection for  the  eye,  as  do  also  certain  accessory  structures,  which 
may  be  divided  into  three  categories,  viz. : — 


Fk!.  Ki8. — Diaokam  of  a Horizontal 
Hection  tiihou(;h  the  Leit 
Human  Eye.  (Seen  from  above.) 

Op,  ojitic  nerve  ; 0<S',  sheath  of  optic 
nerve  ; Ml<\  blind-spot ; Fo,  yellow 
s]K)t  (fovea  eenti-alis) ; Rt,  retina  ; 
J^E,  ])iginent  epithelium  of  the 
retina  ; Ch,  clioroid,  witli  its  lamina 
fusca  (Lj)  and  vascular  layer  (UR) ; 
Rc,  sclerotic  ; Co,  cornea ; Cj,  con- 
junctiva ; MD,  membrane  of  He.sce- 
met ; CR,  canal  of  Schlemm  (the 
dotted  line  should  extend  further 
through  the  sclerotic  to  the  small 
oval  aperture)  ; Ir,  iris  ; Lc,  ciliary 
ligament ; C,  ciliary  process  ; VK, 
JIK,  anterior  and  posterior  chamber 
of  the  eye ; L,  lens  ; II,  hyaloid 
membrane  ; Z,  Zone  of  Zinn,  OP, 
canal  of  Petit ; Cv,  vitreous  humour. 
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1.  Eyelids  (palpebr®). 

2.  Glandular  organs. 

3 Muscles  serving  to  move  the  eye-ball. 

corresponds  with  the  nervous  subsH  nf  Vi  i • ^ 

thepiL  „,ater.  and  the  th^H^tlfthe 

the  eye  contains  refractive  media  the  nnri  ' infeiior  of 
To  these,  certain  accessor,  a4 

brates.  It  may  rerch  'imongst  Verte- ' 

liancl,  undergo  more  oi-  less  cleg^eieraMon  in  ^he  other 

or  burrows  (e.g.,  EMe.-AnddS  .^^ves 

—Proteus,  Grymnojiliiona  ; Snakes ! -dniphibians 

In  Annnoccetes  and  Myxine  the  evp  i i — Talpa,  Ac.), 

below),  and  in  tlie  Cetacean  PktanistT^lJf^  beneath  the  integument  (see 
minute.  i^latani.sta  gangetica  the  eyes  are  extremely 

‘‘cerebraM^tS*>%®.'757!S^  present  in  tlie  front  wall  of  the 

Stage  ofd°evdmmert^^^^^^  Cycles tonms  remains  at  a very  low 
but°also-in  MySds  the  retina, 

differentiated  sc'leroSc Id  clea  "wdl^^  ^ 

m the  persistence  of  the  choroid  fissure  eye-muscles,  and 

Myxinoids  and  in  the  larval  Amm«  r J^ereover,  the  eye  in 
subdermal  connective  tissue  In  Pet**  ^ beneath  the  skin  and 
eye  becomes  thinned  oTat  me?amo  ™r“”  “veringthe 

which  was  blind,  or  nLy  bTnd  ““ 

reaching  the  adult  condition  • at  ’tl  ^ ^^I’yal  state,  can  see  on 
more  l.ighly  organLed  Thmmh  tt  n 

(Kg.  107.  4 doe's  not  eitM;®jlsap;eaT““''  >«- 

with^?et\«;l„“forc“rbK 

on  essentially  the  same  plan  as  that'  ®'2e  and  are  formed 
ductory  portion  of  this  chapter  ‘ ‘'“  dntro- 

and  ^s:r:  t&"n 

cornea  and  fills  up  the  greater^  mir  nf  fl  ^"""^bes  the 

The*  f”  “«  vitreous  hmlioi  " “ifdiff  ?*>'  “ 

Other  Vertebrates  in  the  fact  that  in  +1  ' that  of 

accommodated  for  seeing  near  objects  In  it  is 

— . a.  I...,  Svr;;;. 
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canvpoMula  Halleri  (Fig.  169).  In  the  interior  of  this  structure 
are  nerves,  vessels,  and  smooth  muscle-fibres,  and  the  latter  possibly 

exert  an  infiuence  on  the  lens,  draw- 
ing it  towards  the  retina.  The  pro- 
cessus falciformis  is  never  large  in 
Ganoids  and  is  absent  in  Cyclo- 
stomes,  Elasmobrauchs,  and  Dip- 
noans  : the  question  of  accommoda- 
tion in  these  Fishes  is  not  under- 
stood. 

Externally  to  the  choroid  proper, 
that  is,  between  it  and  the  lamina 
fusca,  lies  a silvery  or  greenish-gold 
iridescent  membrane,  the  argentea. 
It  extends  either  over  the  whole 
interior  of  the  eye  (Teleosts),  or  is 
limited  to  the  iris  (Elasmobranchs). 
A second  layer  with  a metallic 
lustre,  the  iapctum  hicidum,  is 
present  internally  to  the  iridescent 
portion,  and  within  this  again  is  the 
chorio-capillaris  of  the  choroid.  No 
tapetum  appears  to  be  present  in 
Teleostei  or  Petromyzon. 

The  so-called  choroid  gland,  pre- 
sent only  in  Teleostei  and  Amia, 
consists  of  a network  of  blood- 
vessels (rete  mirabile)  which  has  the  form  of  a cushion,  lying  near 
the  entrance  of  the  optic  nerve,  between  the  argentea  and  pigment 
epithelium  of  the  retina  : it  thus  has  nothing  to  do  with  a “ gland.” 
Tlie  sclerotic  is  usually  extensively  chondrified,  and  not  unfre- 
quently  becomes  calcified  or  ossified  towards  its  junction  with  the 
cornea. 


Fi(i.  1()9. — Eve  ok  a 'I’ki.eo.stean. 

Ojt,  optic  nerve ; OS,  slicatli  of  optic 
nerve  ; III,  retina  ; PE,  ])iginent 
e])itlielinni  ; 7'/>,  ta])etnm  ; Lv, 
lamina  vaacnlona  ; A<j,  argentea  ; 
!.n,  lamina  aujmi-clioroidea  ; Sc, 
Hclerotic,  enclosing  cartilage  ov 
bone  (t) ; Co,  cornea  ; Ir,  Iris  ; 
]'K,  anterior  chamber  ; L,  Lens  ; 
C'l’’,  vitreous  humour  ; Pr,  ])ro- 
cessus  falciformis  ; Cy,  campanula 
Halleri. 


The  eyeball  i.s  almost  always  surrounded  by  a gelatinous  tissue,  penetrated 
by  connective-tissue  fibres,  and  in  Elasinobranchs  it  is  usually  articulated  on  its 
inner  circumference  with  a rod  of  cartilage  connected  distally  with  the 
lateral  wall  of  the  skull. 


Amphibia. — The  eyes  of  Amphibians  are  proiDortiouately 
smaller,  and  their  form  rounder  than  those  of  Fishes,  but  there  are 
many  points  of  close  correspondence  between  them.  This  is  true, 
for  instance,  as  regards  the  more  or  less  distinctly  chondrified 
sclerotic,  the  slightly  convex  cornea,  and  the  globular  lens.  In  other 
important  respects,  however,  the  Amphibian  eye  is  simpler  than 
that  of  Fishes_ ; thus  it  is  wanting  in  an  argentea,  a tapetum,  a 
choroid  gland,  and  a pi’ocessus  falciformis  and  campanula  Halleri. 
The  iris  contains  smooth  muscle-fibres,  and  a true  ciliary  muscle 
is  present  in  the  whole  series  of  animals  from  this  point  onwards, 
though  not  strongly  developed  in  Amphibians.  The  iDupil  is  usually 
round,  but  may  be  angular. 
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The  eyes  uf  Proteus  and  of  the  Gyninophiona,  as  already  mentioned, 
always  lie  more  or  less  deeply  beneath  the  skin  ; they  are  very  small,  and 
are  much  degenerated.  In  Proteus  the  crystalline  lens  and  iris  are  both 
wanting,  ami  the  vitreous  humour  is  only  slightly  developed. 

Reptiles  and  Birds. — In  these  also,  the  sclerotic  is 
part  cartilaginous,  and  in  Lizards  and  Chelonians  it  is 
with  a ring  of  delicate  bony  sclerotic,  plates  around 
the  external  portion  (Fig.  170).  Many  fossil  Rep- 
tiles and  Amphibians  possessed  similar  plates  as 
do  also  existing  Birds  (Fig.  171)  ; in  Birds  horse- 
shoe- or  ring-shaped  bony  structures  are  also 
usually  present  close  to  the  entrance  of  the  optic 
nerve.  ^ 

"^^^^^sysball  of  Reptiles  has  a globular  form 
( while  that  of  Birds,  more  especially 

nocturnal  Birds  of  prey  (Owls),  is  more  elongated 
and  tubular,  an  external  larger  segment  beino- 
sharply  marked  off  from  an  internal  smaller 
one  : moreover  the  whole  eye  is  relatively  larger. 

(Fig.  171).  The 

Co 


Fi«.  170.  — Eye 
OF  Lacerta  mu- 
ralis,  SHOWING 
THE  Ring  of 
Bony"  Sclero- 
tic Plates. 


bounded  ex- 
very  convex 


outer  portion  is 
ternally  by  the 
cornea  and  encloses  a large 
anterior  chamber  as  well  as  a 
complicated  ciliary  muscle  com- 
posed of  striated  fibres.  This 
muscle  is  also  transversely  stri- 
ated in  Reptiles,  in  Avhich — 
especially  in  Chelonians,  it  is 
always  well  developed,  though 
not  to  such  an  extreme  degree 
as  in  Birds. 

In  Reptiles  (Lizards,  for  in- 
stance) a tapetum  may  be 
developed,  but  an  argentea  and 
choroid  gland  are  never  present; 
all  these  parts  are  wanting  in 
Birds.  A structure  which  is 
homologous  with  the  processus 
falciformis  of  Fishes  is,  how- 
ever, present  in  most  Reptiles 
and  in  Birds.  Absent  in 
Hatteria  and  the  Chelonia, 
this  so-called  pcctc'ix  is  largely 
developed  in  Birds''  (Fig.  171), 
and  may  extend  from  the  point 
of  entrance  of  the  optic  nerve 
^ to  the  capsule  of  the  lens,  but 

In  Apteryx  the  pecten  disappeara  during  development. 


IiG.  171. — Ey'e  of  an  Owl. 

li! , retina  ; Ch,  Clioi’oid  ; Sc,  sclerotic, 
with  its  bony  ring  at  t ; CM,  ciliary 
muscle ; Co,  cornea ; VN,  point  of 
junepon  between  sclerotic  and  cornea  ; 
iris;  FA',  anterior  chamber;  L, 
humour  ; P,  pecten  ; 

J'erve  and  slieatli.  The 
ilottpl  line  passing  across  the  broadest 
poruon  of  the  circumference  of  the  eye 
< Hides  the  latter  into  an  inner  and 
an  outer  segment. 
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as  a rule  does  not  reach  so  far.  In  Birds  it  is  always  more  or 
less  folded,  and  consists  mainly  of  a closely-felted  network  of 
capillaries.  In  both  Reptiles  and  Birds,  the  pecten  appears  to 
be  important  in  the  nutrition  of  the  contents  of  the  eyeball 
and  of  the  retina  : it  has  nothing  to  do  with  accommodation. 

Tlie  iri.s,  which  is  regulated  by  striated  muscle,  by  means  of  which  it  is 
able  to  respond  very  quickly  to  visual  impressions,  is  often  brightly  coloured, 
and  this  colour  is  due  to  the  presence,  not  only  of  pigment,  but  also  of 
coloured  fat  globules. 

The  pupil  is  as  a rule  round,  Init  in  many  Rei^tiles  and  in  Owls  has  the 
form  of  a vertical  slit. 

Mammals. — In  Mammals  the  eyeball  is  always  more  com- 
pletely enclosed  within  the  bony  orbit  than  is  the  case  in  most 
other  Vertebrates,  and  this  may  partially  account  for  the  fact  that, 
except  in  Monotremes,  the  sclerotic  no  longer  shows  traces  of 
cartilage  or  bone,  but  is  entirely  of  a fibrous  character  (Fig.  168). 

With  the  exception  of  aquatic  Mammals,  in  which  it  is  some- 
what flattened,  the  cornea  is  moderately  convex,  and  the  whole 
eyeball  is  of  a more  or  less  rounded  form. 

A tfi])otum  lucidum,  con.sisting  cither  of  colls  or  fibres,  exists  in  the  choroid 
of  numerous  Mamimils,  and  gives  rise  by  interference  to  a glistening  appear- 
ance when  seen  in  the  dark  (Carnivores,  Ruminants,  Perissodactyles,  ttc.). 

Certain  structures  liomologous  with  the  proce.ssus  falciformis  and  pecten 
are  ])reseut  in  Mammals  in  the  embryo  only. 

The  ciliary  muscle  consists  of  smooth  elements. 

Tlie  external  surface  of  the  lens  is  less  convex  than  the  internal,  which 
latter  lies  in  the  so-called  fossa  ])atellaris  of  the  vitreous  humour. 

The  ]»uj)il  is  not  always  round,  l)ut  may  l)e  transversely  oval  (Ungulates, 
K angaroos.  Cetaceans),  or  slit-like  and  vertical  (e.f/..  Cat). 


Retina. 

The  fibres  of  the  0]3tic  nerve,  which  pass  into  the  eyeball  at  a 
right  or  acute  angle,  cross  one  another  at  the  point  of  entrance, 
and  are  then  distributed  to  the  sensitive  elements  of  the  retina. 
The  latter  is  thus  thickest  at  the  point  of  entrance  of  the  nerve, 
which  is  known  as  the  “ blind  spot  ” (Fig.  168),  and  gradually  tie- 
creases  in  thickness  towards  the  ciliary  processes,  until,  at  the  j)oint 
of  origin  of  the  iris,  it  consists  of  a single  layer  of  cells. 

The  retina  is  bounded  externally  by  a structureless  hyaline 
membrane  (limitans  externci)}  while  on  its  inner  side  it  is  covered 
by  the  hyaloid  membrane,  which,  strictly  speaking,  belongs 
to  the  vitreous  humour.  The  retina  is  quite  transparent  in  the 
fresh  condition,  and  consists  of  two  portions  Avhich  are  histo- 
logically and  distinct : they  are,  a s'liyi^ortiny 

^ The  membrana  limitan.s  enclo.ses  tlic  entire  retina  externall3'Jn  theeinbrjo, 
but  later  tlie  rods  and  cones  come  to  jiroject  through  it  (see  Fig.  172). 
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part  0.  nervous  2Jctrt.  The  former  is  stretched  as  on  a frame 
between  the  limitans  externa  and  hyaloid  membrane. 

The  nervous  elements  are  arranged  in  the  followinof  concentric 

O O 

layers  : — 

I.  Developed  from  the  interned  layer  of  the  secondary  optic  vesicle. 

A.  Gerebrcd  layer. 

1.  Layer  of  nerve-fibres  (of  optic  nerve). 

2.  Layer  of  ganglion-cells. 

3.  Inner  reticular  layer. 

4.  Granular  layer  (inner). 

5.  Outer  reticular  or  subepithelial  layer. 

B.  Epithelicd  layer. 

6.  Layer  of  visual  cells  (outer  granular  layer  with  the 

rods  and  cones). 

II.  Developed  from  the  eoderned  layer  of  the  secondai'y  optic  vesicle.. 

7.  Pigment  epithelium  (retinal  epithelium). 


It  .seems  probable  thcat  the  various  nerve-cells  of  tiie  retina  are  not  directly 
connected  with  one  another,  but  are  only  contiguous. 


Rods  and  cones. 

IMembi-ana 

limitans. 


Outer  granular 
layer. 


Outer  recticular 
layer. 

Sub-epithelial 

ganglion-cell. 


Star-shaped 

ganglion-cell. 


Bipolar 

ganglion-cell. 

Multipolar 
ganglion-cell. 
Inner  recticular 
layer. 

Centrifugal 
nerve  fibres. 


Multipolar 

ganglion-eoll. 

Layer  of 
nerve  fibres. 


-.  Fibrous 
' basket-work. 


R.adial  fibres. 


Concentric 
I supporting 
(nucleated). 

I iConcentric 
I s^jortiiig-cells 
^(noii-nuele.ated). 

t 

^Rulial  fibres. 


I to.  172. — Diaoram  of  tiik  Ei.kmexts  of  the  Retina. 
on  the  left,  and  nervous  elements  on  the  riglit. ) 


(Supporting  elements 
After  Rh.  Stbhr. 


These  layers  are  so  arrauged  that  the  nerve-fibres  lie  next  to 
the  vitreous  humour,  that  is,  internally,  while  the  rods  and  cones 
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are  situated  towards  the  choroid,  or  are  external.  Thus  the 
terminal  elements  of  the  neuro-epithelium  are  turned  away 
from  the  rays  of  light  falling  upon  the  retina,  and  the  rays  must 
therefore  pass  through  all  the  other  layers  before  they  reach  the 
rods  and  cones. 

Fi.slie.s  po.ssess  the  longe.st,  Amphibiaii.s  the  thickest  rods,  so  that  in  the 
latter  there  are  only  about  .30,000  to  a square  millimetre,  while  in  Man  there 
are  from  250,000  to  1,000,000. 

In  Fishes  the  rods  far  exceed  the  cones  in  number,  while  in  Reptiles  and 
Birds  the  reverse  is  the  case.  The  cones  of  many  Rei)tiles  and  all  Birds  are 
distinguished  by  the  ])resence  of  brightly  coloured  oil-globules,  which  are 
also  present  in  tho.se  of  Marsupials. 

In  the  centre  of  the  retina  of  higher  Vertebrates  there  is  a specially 
modified  region  of  most  acute  vision,  called  the  yellow-spot  (fovea 
•'e)dmlis  or  viacnla  Inteu).  It  is  due  to  the  thinning-out  of  all  the 
layers  except  that  of  the  rods  and  cones,  and  even  the  rods  disappear,  only 
the  cones  persisting  (Fig.  1(58). 


Accessory  Organs  in  Connection  with  the  Eye. 

(a)  EYE-MUSCLES. 

Tlie  movement  of  the  eyeball  is  always  (except  in  Myxinoids, 
comp,  p,  211)  elFected  by  six  muscles,  four  of  which  are  known 
as  the  I'ccti  (superior,  inferior,  anterior  or  internal,  and  posterior  or 
external),  and  two  as  the  ohliqui  (superior  and  inferior).  The 
former,  which  arise  from  the  inner  portion  of  the  orbit,  usually 
I'rom  the  dural  sheath  of  the  optic  nerve,  together  circumscribe  a 
pyramidal  cavity,  the  apex  of  which  lies  against  the  inner  portion 
of  the  orbit,  while  the  base  surrounds  the  equator  of  the  eyeball, 
where  the  muscles  are  inserted  into  the  sclerotic. 

Both  the  oblique  muscles  usually  arise  from  the  anterior  or 
nasal  side  of  the  orbit,  and  as  they  respectively  pass  from  this  region 
dorsally  and  ventrally  in  an  equatorial  direction  round  the  eyeball, 
they  constitute  a sort  of  incomplete  muscular  ring. 

A deviation  from  tliis  arrangement  i.s  seen  in  Mammals,  in  wliicli  the 
superior  oljlique  lias  gradually  come  to  arise  from  tlie  inner  jiart  of  the 
orbit,  and  then  passes  forwards  towards  its  anterior  (internal)  angle,  where 
it  becomes  tendinous,  and  passes  through  a fibro-cartilaginous  pulley  (trochlea) 
attaclied  to  the  upper  border  of  the  orbit,  on  the  frontal  bone.  Hence  it  is 
sometimes  called  the  trochlear  muscle.  From  this  point  it  changes  its  direc- 
tion, and  becomes  reflected  obliquely  outwards  and  backwards  to  the  globe  of 
the  eye. 

Besides  these  six  muscles,  others  are  usually  present  which 
are  known  as  the  retractor  lixdhi  (best  developed  in  Ungu- 
lates), the  (fiiadratus  (httrsalis),  and  the  fyyramidalis.  The  last 
two  are  connected  with  the  nictitating  membrane  (see  ]d.  217), 
and  are  present  in  Reptiles  and  Birds.  All  three  are  supplied  by 
the  abducent  nerve  (comp.  p.  184). 
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(b)  EYELIDS  (PALPEBRA:). 

In  Fishes  and  other  lower  aquatic  forms  the  upper  and  lower 
eyelids  are  usually  very  rudimentary,  having  at  most  (e.g.,  Elasmo- 
branchs)  the  form  of  stiff  folds  of  the  skin  ; and  in  all  Verte- 
brates below  the  Mammalia  they  never  reach  a very  high  stage  of 
develojDment.  They  are  lined  on  the  surface  looking  towards  the 
eyeball  by  a continuation  of  the  epidermis,  the  conjunctiva  (p.  210) 
and  in  the  Ichthyopsida  and  Sauropsida  are  usually  not  sharply 
marked  off  from  the  rest  of  the  skin,  being  capable  of  no,  or  only 
ol  very  slight,  movements 

In  Mammals  the  eyelids,  more  particularly  the  upper  one,  are 
extrernely  movable,  and  are  iirovided  with  hairs  (eyelashes)  on 

“ Hr/  their  interior  a hard  body,  the  so-called 

d-caitilage  is  developed,  and  they  are  closed  by  a circular 
muscle  which  surrounds  the  whole  slit  between  the  lids  : a levator 

Mn?.  ""  /t  Sauropsida  and  many 

lammaha  (e.g.,  Ungulates)  there  is  a depressor  of  the  lower  lid 
the  want,  or  comparatively  slight  development  of  upper  and 
lower  eyehds  m Vertebrates  belSw  the  Mammalia  is  oolen- 
sated  tor  in  certain  forms,  at  any  rate  to  a certain  extent,  bf  the 
piesence  of  a nictitating  membrane.  This  “third  eyelid"  differs 
liom_  the  others  in  having  nothing  to  do  with  the  outer  skin  proper 

eSSTr’’^  ° " reduplicature  of  the  conjunctiva,  an]  bTng 
regulated  by  special  muscles  (see  p.  216).  ° 

The  nictitating  membrane,  which  is  represented  in  certain 
asmobranchs  (c.^.,  Carcharias,  Galeus,  Zyg^na,  Mustelus,  comp 

V lie,  ^i‘«ated'.vithfn 

the  httm  in  'S  e.g„  in  Anurans,  and 

the  lattei  in  Buds,  in  which  a third  eyelid  is  so  largely  deyeloped 

tL  °R  "“S  71‘ole  freely  exposed^  portion  of 

eyeball.  In  Keptiles  and  Mammals  it  always  lies  in  the 
anterior  angle  of  the  eye  ; in  Primates  it  become J reduced  to  a 
ma  , half-moon-shaped  fold  (plica  semilunaris),  but  in  Monkeys 
and  certain  races  of  Mankind  traces  of  the  cartilage  are  present.  ^ 
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(2)  [hp  connection  with  the  eye  are  : (1)  the  lachrymal, 

the  UeihomiinghKh.  ‘ ''“‘‘"'“'"8  meinbriine,  and  (3) 

eyeb^alT  moTsf  °a"n7 1 ‘'>6 
y ^ moist,  and  to  wash  away  foreign  bodies.  In  Fishes  and 

l.onv‘  « " P, 

grow  together  to  fonn  a tm  two  eyelids 

•-‘way  with  the  re.st  of  tlie  outer  part  o^hc  skiu^'^heh 
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Th. 


Eh;.  173.  — H.vkdkki.vn 
Ol.,VNl)  (//,  7/*)  .AXl) 

L.vciikv.mai.  (ii..\xi)  {Th) 
OK  Aiitjifi-H  J'nujUiA. 

M,  muHcle  of  jaw  : B,  cvo- 
laill. 


Dipnoans,^  the  outer  medium  appears  to  suffice  for  this  purpose, 
hut  the  first  attempt  of  a Vertebrate  to  exchange  an  aquatic  for  an 

aerial  existence  necessitated  the  develop- 
ment of  a secretory  apparatus  in  connection 
with  the  eye. 

Thus  in  Urodeles  a glandular  organ  is 
developed  from  the  conjunctival  epithelium 
along  the  whole  length  of  the  lower  eye- 
lid ; in  E.ej)tiles  this  becomes  more 
developed  in  the  region  of  the  anterior 
and  posterior  angles  of  the  eye,  and  the 
original  connecting  bridge  gradually  dis- 
appears : thus  two  glands  are  developed 
from  the  primitively  single  one,  each  of 
which  becomes  further  differentiated  both 
histologically  and  physiologically.  From 
one  is  formed  tlie  llardcricm  gland,  which  always  lies  at  the 
anterior  angle  of  the  eye,  sur- 
rounding to  a greater  or  less  ex- 
tent the  antero-ventral  portion  of 
the  eyeball,  while  the  other  gives 
rise  to  the  lachrymal  gland " 

(Figs.  173  and  175).  The  latter 
retains  througliout  life  its  primi- 
tive position  at  the  po.sterior 
angle  of  the  eye,  and  even 
in  Birds  lies  in  the  region  of 
the  lower  eyelid  ; it  is  supplied 
by  the  second  division  of  the 
trigeminal.  In  Mammals  it  be- 
comes gradually  further  sub- 
divided, and  extends  into  the 
region  of  the  upper  eyelid,  so 
that  its  ducts  open  above  the 
eye  into  the  upper  conjunctival 
sac  (Fig.  175,  A & b).  Never- 
theless, even  in  the  , Primates, 
more  or  fewer  ducts  are  present 
which  open  into  the  lower  con- 
junctival sac,  and  thus  the  primi- 
tive position  of  the  lachrymal 
gland  is  indicated. 

A well-differentiated  Har- 
derian  gland  is  jDresent  from  the 

tailless  Amphibia  to  the  Mammalia,  but  is  very  rudimentaiy  in 
the  Primates. 


Ff(;.  174. — IJiAORAMMATic  Transvkrsk 
VuRTICAL  SfX’TION  THROUGH  THE 
Eye  of  a Mammal. 

Op,  optic  nerve  ; B,  eyeball ; Fo,  Fo, 
upper  and  lower  eonjunetival  .sae  ; 
LJI,  LIJ,  outer  skin  of  the  eyelids, 
vdiich  at  the  free  edges  of  the  latter 
at  + becomes  continuous  with  the 
conjunctiva  ; T,  the  so-called  tarsal 
fibro-cartilages,  in  whicli  the  Meibo- 
mian glands  {MD)  lie  emliedded, 
the  latter  opening  at  * ; II,  II,  eye- 
lashes. 


’ Comp.  p.  17.  . , r.  , 

- A lachrymal  gland  is  absent  in  Crocodiles  and  iSnakes. 
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The  Meibomian  (jlancls,  belonging  to  the  group  of  sebaceous 
glands,  are  confined  to  the  Maininalia,  and  lie  embedded  in  the 


SHIFTIi\C4  OF  THE  LACHRYMAL  GlAND 
\>HICH  HAS  TAKEX  PLACE  IH  THE  COURSE  OF  PhYLOGENV 

regarded  as  .tavistio  ; rj  ■»*<=  "= '“J '» 


or  cfustere?  ma^ser'^TI 

produce  a fatt,  secretio„“^cSr  “r„‘d']Ld^^^^ 


rn  , u^'  Lachrymal  Apparatus  of  Max. 

IJ,  lAchp-inal  gland,  divided  up  into  several  portions  • **  ,lirr.i  f r.i  , 

gland  ; tt,  inincta  lachrynialia  ; 77/,  77/'^  uimer  a’nd  W ‘ lacliryinal 

<S,  laehrymal  sac  ; IJ,  naso-lachryinal  duct  and  lower  lachrymal  canals; 


o5V«lf i™™«^cliately  rvithin  the  eyelids 

The  naso-lachrymal  duct,  which  conducts  tlio  inr.i  i 
«cret.on  rnto  the  nose,  has  already  been  referJed  to^  20% 
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In  the  Cetacea,  the  lachrymal  and  Meibomian  glands,  as  well  as  the  naso- 
lachryinal  duct,  are  wanting,  and  alachrymalductisabsent-in  the  Otter,  Seal, 
and  Hipjjopotamus.  In  the  two  last-mentioned  animals  the  lachrymal  gland 
is  much  reduced  : in  IManis  javanica  there  are  no  Meibomian  glands,  and  in 
the  hlole  tlie  entire  lachrymal  jipjjaratus  has  undergone  reduction. 


Auditory  Organ. 

It  is  very  probable  that  the  auditory  organ,  like  the  organs 
of  smell  and  taste,  has  been  derived  primitively  from  a modified 
integumentary  sense-organ.  It  is  developed  from  an  invagination 


of  the  ectoderm  on  either  side  of  the  primary  hind-brain  : this  be- 
comes separated  off  to  form  a vesicle  (Fig.  176),  and  its  epithelium 
is  differentiated  into  elongated  cells  of  sensory  epithelium  pro- 
vided with  hair-like  processes  (Figs.  178  A and  b)  separated  by 
supporting  cells.  The  sensory  cells  are  surrounded  by  a nerve- 
network,  and  are  not  continuous  with  the  nerves  as  in  the  case  of 
the  olfactory  cells  (p.  197). 

Like  the  other  higher  sense-organs,  the  paired  auditory  organ 


Fiff.  170. — Hk/U)  and  Antkkiok 
1’(JKTU)N  OF  Body  of  a Chick. 
(In  part  after  Aloldeiiluuier. ) 

7i’(/,  olfactory  jiit  ; A,  eye  ; I to 
/F,  first  to  fourtli  visceral 
arches  ; t,  point  at  which  the 
external  auditory  passage  begins 
to  be  formed ; LB,  primitive 
auditory  vesicle  seen  through 
the  wall  of  the  head. 


Fic.  177. — Semidiagkammatic  Figure  of 
THE  Memiiranouh  Labyrinth  of  Verte- 
brates. (Seen  from  the  outer  side.) 

u,  utriculus  ; rec,  recessus  utrieuli ; -yj,  sinus 
posterior  utrieuli ; ,v,  saceulus  ; I,  recessus 
sacculi  (lagena)  ; cuh,  utriculo-saccular 
canal  ; de,  ne,  ductus  and  saccus  endolym- 
phaticus,  the  foi’iner  arising  from  the 
saceulus  at  + ; ss,  sinus  utrieuli  superior  ; 
asH,  apex  of  the  same  ; ca,  ce,  rp,  anterior, 
external,  and  posterior  semicircular  canals; 
aa,  ae,  a]),  the  corresponding  ampulla.'. 
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of  Vertebrates  is  situated  in  the  region  of  the  head,  between  the 
origins  of  the  trigeminal  and  vagus  nerves.  After  the  vesicle  of 
each  side  has  become  separated  off  from  the  epiblast  and  connected 
with  the  brain  by  means  of  the  auditory  nerve  (which  arises  in 
connection  with  a peripheral  ectodermic  ganglion  and  then  orows 
centripetally  to  the  brain),  it  sinks  deeper  and  deeper  into  the 
mesoblastic  tissue  of  the  skull : it  then  loses  its  original  pyriform 
or  rounded  shape,  and  becomes  divided  into  two  parts,  called  re- 
spectively the  ut'i'iciilus  and  sdcctolus  (Fig.  I7f).  From  the  former 


while  from  the  latter 

formed!  * * end  the  lagena  (cochlea)  are 

car  constitutes  the  intc-nal 

hy  K surrounded  secondarilj. 

of  mesoblit  rn^  ,1  “ P'*'?®  V'  innermost  layers 

lesoblast,  and  thus  a space  is  developed  which  closely 
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repeats  the  form  of  the  membranous  labyrinth,  as  does  also  the 
mesoblaat  which  encloses  this  space  and  which  later  becomes 
c londiined,  and  often  also  ossified.  A membranous  and  a bonv  laby- 
rinth can  thus  be  distinguished,  and  between  them  is  a cavity 
{cavuni  imnlyviphaticuvi)  filled  with  a lymph-like  fluid  imrilnmnlL 
I he  cavity  within  the  membranous  labyrinth,  which  also  contains  a 
nuid  is  spoken  of  as  the  cavum  cndolym'phaticum. 

Excejit  in  Cyclostomes,  three  semicircular  canals  are  always 
piesent,  and  these  lie  in  planes  at  right  angles  to  one  another 
Ihey  are  distinguished  as  the  anterior  vertical,  the  loostcrior 
vertical,  and  the  horizontal  {external)  canals  (Fig.  177).  The  first 
and  last-named  arise  from  the  portion  of  the  iitriculiis  known  as 
the  recessus  utriculi,  and  each  has  a vesicle-like  swelling  or  ampulla 


Fia.  178u. — Longitudinal  iSkction  of  an  Ampulla  of  Gobius.  (The  exact  form 
of  tlie  epitlielium  of  tlie  crista  is  not  indicated.)  After  Hensen. 

11,  the  nerve  passing  into  the  connective-tissue  of  the  crista;  a,  base  of  semi- 
circular canal  ; }>,  point  of  opening  of  the  ampulla  into  the  utriculus  ; c,  the 
epithelium  on  the  free  wall  of  the  ampulla  ; cl,  the  auditory  hairs. 

at  its  origin.  The  posterior  canal  also  arises  with  an  ampulla  from 
a jDrolongation  of  the  utriculus  (sinus  posterior).  The  other  end  of 
the  horizontal  canal  opens  by  a funnel-shaped  enlargement  into  the 
utriculus,  while  that  of  the  anterior  and  of  the  posterior  canal 
fuse  together  to  form  a common  tube,  the  so-called  canal  commissure 
(sinus  superior) , which  also  opens  into  the  utriculus. 

Concretions  composed  mainly  of  carbonate  of  lime  are  jDresent 
in  the  regions  of  the  various  nerve  end-plates  of  the  auditory 
organ  in  all  Vertebrates.  These  otoliths  present  the  greatest 
variety  both  in  form  and  size.  The  largest  and  most  massive  ones 
are  seen  in  Teleosts.  They  either  consist  of  a single  mass,  or  are 
arranged  in  groups  in  different  regions  of  the  labyrinth. 
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The  sensory  epitlieliuni,  to  which  the  branches  of  the  auditory 
neive  are  distributed,  is  situated  in  the  following  parts  of  the 
membranous  labyrinth : (1)  the  three  ampullte  of  the  canals,  in 
each  of  which  the  auditory  cells  are  situated  on  a rido-e  (cri&ta 
projecting  into  the  lumen  (Fig.  17Sb)  ; (2)  a large  macula 
acushca  m the  utriculus  : this  is  continued  into  the  recessus  utriculi 


Fig.  179.  Diagk.vm  of  the  Entire  Auditory  Or<;an  of  Man. 

"■»“  O' 

Middle  Ear -Ct,  Ct,  typnianic  cavity  ; 0\  wall  of  same  ; SAp,  sound-conductin 
appaiatus,  indicated  by  a rod,  representing  the  auditory  ossicles  tlie  end  c 
the  lod  marked  t corresponds  to  the  stapes,  which  closes  up  the  fenestr 

pharynxf  OrSfwai?'*"^^^  ’ ^ulie  ; Tb\  its  opening  into  tli! 

lulti-nal  Ear  with  the  greater  part  of  the  bony  labyrinth  (KL,  KTA)  removed  - 
/S,  sacculus ; a,  h,  the  two  vertical  canals,  one  of  which  (h)  is  shown  cu 
through  ; c,  Co,  commissure  of  tlie  canals  of  tlie  membranous  and  i 

rmths  respectively  ; ,S-.e,  D.e,  saccus  an.l  ductus  eSy  X 
b,t„re.to.  at  2;  C,,,  cayn.n  perilymphatic,,,,,  i Cri  cZlif  ,Sie«  ■ 
nembranous  cochlea,  which  gives  rise  to  a blind  sac  at  -h  ; Co/i'  bonvcoolden 

Z7;Ze“l“2ST'  c„„"m! 


s well  as  into  the  sacculus  and  lagena,  or  rudiment  of  the  cochlea 
which  arises  from  the  sacculus  ; (3)  the  rudimentary  9?iacula 
ne^lccla,  which  in  Fishes,  Birds,  and  Reptiles  is  sftiiated  on 
the  floor  ot  the  utriculus  close  to  the  sacculo-utriciilar  canT  In 
Amphibians  it  lies  on  the  inner  side  of  the  sTcciilurand  in 
^lammals  undergoes  a gradual  reduction  and  may  even  become 
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obliterated.  The  several  portions  of  the  sensory  plate  or  macula 
acustica,  which  are  originally  continuous,  become  later  disconnected 
from  one  another,  and  except  in  Cyclostomes  are  seen  as  se^Darate 
maculae  acusticse. 

The  higher  we  pass  in  the  Vertebrate  series,  the  greater  share 
does  the  mesoblast  take  in  the  formation  of  the  auditory  organ. 
At  first — that  is,  in  Fishes — the-  membranous  labyrinth  or  internal 
ear  lies  close  under  the  roof  of  the  skull,  and  is  thus  easily 
accessible  to  the  waves  of  sound,  which  are  conducted  partly 
through  the  operculum  (when  present),  and  partly  through  the 
gill-slits  or  spiracle.  As  we  pass  to  the  higher  animals,  however, 
the  auditory  organ  gradually  sinks  further  and  further  inwards  from 
the  surface,  so  that  a new  method  for  conducting  the  sound-waves 
becomes  necessary,  and  certain  accessory  structures  are  developed 
(Fig.  17*.)).  A canal,  the  external  auditory  23assage  or  meatus,  passes 
inwards  from  the  surface  : this  opens  into  a spacious  chamber,  the 
tipnpanic  cavity,  in  which  are  situated  the  auditory  ossicles,  and 
which  is  connected  by  the  Eustachian  i(w&6with  the  pharynx.  The 
whole  of  this  canal,  which  is  divided  into  outer  and  inner  portions 
{external  and  middle  ear)  at  the  junction  of  the  external  auditory 
passage  and  tympanic  cavity  by  a vibratory  membrane,  the  fyn^Janic 
membrane,  lies  in  the  position  of  the  first  embryonic  visceral 
(hyoid  or  spiracular)  cleft.  From  Reptiles  and  Birds  onwards  the 
first  indications  of  a pinna  (that  is,  the  i^art  of  the  external  ear 
Avhich  projects  from  the  head)  are  seen,  but  this  only  reaches  a 
full  development  in  Mammals. 

Cyclostomes. — In  Petromyzon  there  are  only  two  (the  vertical) 
semicircular  canals,  and  in  Myxine  only  one  canal  is  i3resent,  which, 
as  it  possesses  two  ampullae,  probably  represents  the  two  fused 
together  (Fig.  180a). 

Fishes  and  Dipnoans.— The  auditory  organ  of  all  the  true 
Fishes  (Fig.  ISOaVc)  follows  the  general  plan  given  above,  and  the 
same  may  be  said  for  all  higher  Vertebrates.  Almost  without 
exception  we  meet  with  a division  into  a pars  supierior — represented 
by  the  utrieulus  and  semicircular  canals,  which  z’emains  essentially 
much  in  the  condition  already  described,  and  a pars  inferior — 
constituted  by  the  saccuhts  and  lagena,  which  gradually  becomes 
more  differentiated,  and  attains  to  a higher  and  higher  degree  of 
development  and  functional  perfection.  In  Fishes  the  lagena 
consists  simply  of  a small  knob-like  appendage  of  the  sacculus, 
which  opens  freely  into  the  main  cavity  of  the  latter  by  means 
of  the  sacculo-cochlear  canal  : it  is  absent  in  Chimsera.  The 
utrieulus  and  sacculus  also  communicate  with  one  another  by 
the  sacculo-utricular  canal.  In  Elasmobranchs  the  ductus  endo- 
lymphaticus  ojzens  dorrally  on  the  posterior  part  of  the  head,  and  is 
thus  in  free  communication  with  the  sea-water. 


Fro.  180-^Iembraxou.s  Labyrinth  of  Various  Fishes  (after  G.  Retzius) 
A,  Myxiae  (jlntinom,  from  the  inner  side  ' 

;rr7’' 

■ S,Tco“e™:  Si  ’ZfSa:!  “P“  »'  »i""« 

S'r  ■ ia,?. 

n-,  crista  acustica  of  till  ampulhe’-  «r?  lacuhrln^  y the  reeessus  utriculi ; 
macula  acustica  ncrrlecta  • 7)/  tiht.’;ii  ’ ^^ula  acustica  of  the  sacculus  ; mv, 

nor,.,,  t'"  ‘le'"" ' “-'itorr 
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In  Chimseroids,  Ganoids,  Teleosts  and  Dipnoans,  the  auditory 
capsules  are  not  completely  surrounded  by  cartilage  or  bone,  tlie 
perilymphatic  and  cranial  cavities  only  being  separated  by  a fibrous 
partition. 

In  certain  Teleosts  (Siluroidei,  Gynmotid.e,  Characinidai,  Gyninarcliidje, 
Cyprinoidfe)  the  auditory  organ  comes  into  relation  with  the  air-bladder  by 
means  of  a chain  of  bones  (“  Weberian  ossicles  ”)  derived  from  certain  parts 
of  the  four  anterior  vertebrm  and  corres[)onding  pairs  of  ribs,  and  by  this 
means  the  relative  fulness  of  the  air-bladder  can  be  ap])reciated  by  the  Fish. 
Connections  between  jjrocesses  of  the  air-bladder  and  the  internal  ear  are 
also  met  with  in  several  other  Teleosts. 

The  auditory  organ  of  the  Dipnoi  most  nearl}'-  resembles  that 
of  Elasmobranchii,  and  more  particularly  that  of  Chima3ra. 

Amphibia. — The  membranous  labyrinth  of  Amphibians  re- 
sembles that  of  Fishes  and  Dipnoans  in  many  respects,  but  irni^or- 
taiit  differences  are  seen,  more  particularly  as  regards  the  lagena, 
which,  especially  in  the  Anura,  becomes  further  constricted  off 
from  the  sacculus  and  reaches  a higlier  stage  of  development. 
Traces  of  a papilla  acustica  lagena?  lying  within  the  lagena  are  met 
with  in  the  Myctodera,  and  even  in  Menopoma  and  Siredon.  In 
the  Anura  (Fig.  181)  a higher  condition  is  seen  in  the  iDresence  of 
a small  ridge-like  outgrowth  in  the  interior  of  tlie  thickened  lagena 
on  which  a definite  region,  supported  by  cartilage,  corresponds  to 
the  basilar  onemhrane  of  liigher  types  ; this  bears  another  patch  of 
nerve  endings — the  'pa'pilla  acustica  hasilaris. 

The  ductus  endolymphaticus,  as  in  certain  Teleosts,  may  give 
rise  to  large  sac-like  enlargements  containing  calcareous  matter 
and  lie  close  to  its  fellow,  either  on  the  dorsal  surface  only,  or 
on  both  dorsal  and  ventral  sides  of  the  brain.  The  latter  is  the 
case  in  Anura,  for  instance,  in  which  the  sac  extends  as  an  unpaired 
structure  along  the  whole  vertebral  canal  dorsally  to  the  spinal  cord, 
giving  rise  to  paired  outgrowths  extending  through  the  inter- 
vertebral foi’amina  and  forming  the  characteristic  ccdcareous  bodies 
situated  close  to  the  spinal  ganglia.  These  are  lined  by  pavement 
•epithelium  and  are  plentifully  supplied  with  capillaries : they  arc 
not  glandular,  as  was  formerly  supposed. 

A further  advance  in  structure  as  compared  with  Fishes  is  seen 
in  the  gradual  differentiation  of  a middle  ear.  In  the  outer  wall 
cf  the  auditory  capsule  is  a membranous  space,  the  fenestra  ovalis, 
which  is  plugged  by  a cartilaginous  stapedial  plate;  and  from  the 
latter  a rod-like  cartilage  or  bone,  the  columella,  usually  exteiuls 
outwards  towards  the  quadrate  (p.  84).  A tympanic  cavity,  with 
a tympanic  membrane  supported  by  a ring  of  cartilage  lying  on 
the  level  of  the  skin,  and  a Mtstaehian  tube  opening  into  the 
pharynx  and  corresponding  phylogenetically  to  the  hyoid  cleft 
of  Fishes,  are  met  with  in  most  Anura,  in  which  also  the  colu- 
mella is  more  perfect,  consisting  of  a bony  and  cartilaginous  rod 
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expauded  distally  to  fit  against  the  tympanic  membrane  The 
columella  .s  wanting  in  certain  Urodeles  (c.y,  Triton),  a'  mem- 
branous fin^ra.  rotunda  in  the  outer  wall  of  the  auditory  capsuTe 

:idTtr^tL'rest7o^r^  VerteiTst 


lit!.  181.  Right  Membr.\xous 

sid^ 


L.ujyrinth  OF  liana  esculenta,  from  the 
(Alter  G,  Retzius. ) 


inner 


sXsiiiirii 

sacculi,  and  neglecta  ; pi  pph  panllla  ^ acustica  recessus  utriculi, 

rn  rl,  rb,  >>ranches  of  amlitoVnerve  to 
sacculus,  macula  neglecta  lacrena  mrl  ra  Posterior  ampullaj, 

1-^ig.  180,  Ai-C.)  ’ ° basilans.  (Other  letters  as  in 


““7??  of;etnT?ance^[:'^SiT:V  iJr^dX^J^-ilId  S 

ES  rHS£=;?"f 

in  nrmWPh?"""^*^^'''  ^he  most  varied  types 

Tnoi'rhlrM  Anguis), 

‘leveloped  than  in  Ophidia. 

In  f though  the  higena  with 

« ahv^  Watyclactylus  this  state  o 
"■‘by  the  more  highly  developed  auditory 


<)f  auditory  organ  are  met  with  ; 
fclie  membrana  basilaris  is  hardly 
in  guana,  an  advance  towards 
noticed  : the  niemln  ■ana 
ts  Jiapilla  is  not  so  prominent, 
things  IS  carried  still  furtlier,  and 
organ  of  I’lestiodon  and  Egerina 
Q 2 
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loads  up  to  that  of  Crocodilia.  Thus  there  is  a contiuuous  and  an  unliroken 
series  from  the  lower  forms  to  the  higher. 

The  structure  of  the  auditory  organ  of  Hatteria  shows  many  striking 
peculiarities  : it  thus,  like  that  of  ChaiUieleo,  occupies  an  isolated  position. 

While  the  cochlea  gradually  becomes  more  independent  of  the 
sacculus,  the  latter  shows  the  greatest  variety  botli  as  to  form  and 
size  in  the  different  types.  Thus,  for  instance,  it  is  usually  very 
small  in  Birds,  while  in  Lizards  (c.y.,  Lacerta)  it  is  of  considerable  size 


AI/i(jntor  miMimipicnniti,  from  tlie  outer  side.  (After  tl.  Retzius.) 

itilc,  aperture  of  the  duetus  endolymphaticus  ; csr,  sacculo-cocldear  canal ; fri, 
foramen  rccessus  scalie  tympani ; iv,  tegmentum  vaseulosum  ; sr,  .septum 
cruciatum  ; ?«/),  membrana  basilaris.  (Other  letters  as  in  Fig.s.  180  and  181.) 


The  a2Derture  of  communication  between  the  utriculus  and  sac- 
culus persists,  though  it  gradually  becomes  narrowed,  as  does  also 
that  between  the  sacculus  and  cochlea.  The  connection  between 
these  latter  may  be  drawn  out  to  form  a canal  (canalis  o’cuniens),  and 
this  is  particularly  the  case  in  Birds ; in  Crocodiles  an  inter- 
mediate condition  between  Birds  and  Lizards  is  seen.  The  mem- 
branous labyrinth  of  Birds,  however,  is  always  specially  characterised 
by  the  peculiar  arrangement  of  the  anterior  and  posterior 
canals,  which  are  greatly  arched,  and  the  position  of  their  openings 
into  the  sinus  superior  (canal  commissure)  is  reversed. 

In  lower  tyj)es  (Swimming  Bird.s)  this  peculiarity  is  less  marked  than  in 
tlie  higlier  forms,  and  it  would  be  interesting  to  ascertain  tlie  condition 
of  tliese  parts  in  the  Struthionkhe,  as  one  would  expect  to  find  in  them 
im[)ortant  points  of  connection  Avith  Reptiles. 
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In  many  Reptiles  the  free  end  of  the  ductus  endolymphaticus  is 
situated  close  under  the  roof  of  the  skull  beneath  the  parieto- 
occipital suture,  and  in  the  Ascalabota  the  duct  even  leaves  the 
oranial  capsule,  passes  back  between  the  muscles  of  the  neck,  and 
in  the  region  of  the  pectoral  arch  becomes  swollen  to  form  a large 
folded  sac,  from  which  finger-shaped  processes  extend  to  the 
ventral  surface  of  the  vertebral  column  and  to  the  sub-mucous 
tissue  of  the  pharynx.  These  processes  may  also  branch  out  in  a 
labyrinthic  manner  into  the 
orbit,  and  they  are  always 
filled  with  a white  semi- 
solid mass  of  calcareous 
substance,  as  in  Anura : 

•calcareous  matter  is  present 
in  the  ductus  endolym- 
phaticus of  all  Vertebrates, 
at  any  rate  in  the  embryo. 

In  Birds,  the  duct  does  not 
pass  out  of  the  cranial 
cavity. 

A tympanic  membrane 
is  present  in  Birds  and  all 
Reptiles  except  Hatteria, 

Snakes,  and  Amphisbai- 
nians ; and  in  the  two  last- 


Fig.  183.  Right  Membranous  Labyrinth 
OF  Turdus  miisicus,  from  the  inner  side. 
(After  G.  Retzius. ) Letters  as  before. 


mentioned  groups  the  tympanic  cavity  and  Eustachian  tube  are  also 
wanting  In  Crocodiles  the  tympanic  cavity  is  very  complicated, 
and  in  them  as  well  as  in  Birds,  the  two  Eustachian  canals  open  by 
a single  median  aperture  into  the  pharynx.  The  osseo-cartilaginous 
oolumella  is  well  developed  in  the  Sauropsida,  and  is  not  distinct 
Ironi  the  stapedial  plate  ; in  Hatteria  it  is  continuous  distally  with 
the  hyoid  (p.  92). 

In  certain  Lizards  (c.g.,  Ascalabota,  Monitor),  an  indication  of 
tJie  development  of  an  external  auditory  passage  is  seen  the 
tympanic  membrane  being  partially  covered  posteriorly  by  a small 
told  of  skin,  usually  enclosing  the  anterior  border  of  the  digastric 
muscle  ; and  in  Crocodiles  there  is  a definite  integumentary® valve 

“notabie  “ 


Mamrnals.— The  auditory  organ  of  Mammals  reaches  a much 

s ow/^  ■ (F'g-  but  in  Monotremes  it 

Shows  many  points  of  resemblance  to  that  of  Reptiles  and  Birds 

into  a r "^bes  its  highest  development,  and  grows 

nto  a long  tube  which  becomes  spirally  coiled  on  itself.^  In  this 

half  three  coils,  and  in  other  Mammals  fro.n  one  ami  a 

and  a iLlMn  the  Ox  tl  V if'  m there  are  two 
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respect,  as  well  as  in  the  more  highly-specialised  histological  struc- 
ture of  the  cochlea,  lies  the  characteristic  peculiarity  of  the  auditory 
organ  of  Mammals.  The  auditory  nerve  forms  the  axis  of  the  spiral. 
In  consequence  of  this  development  of  the  cochlea,  the  pajhlla 


184.— Right  Membranous  Labyrinth  of  Rabbit  {Leims  cunicidns.) 
A,  from  the  inner,  and  B from  the  outer  side.  (After  G.  Retzius.) 


8US,  sinus  utricularis  sacculi ; cac,  canalis  reuniens  Henseni  ; r&,  basilar  branch  of 
the  auditory  nerve  (ar)  ; /,  facial  nerve;  m/;,  basilar  membrane;  ha,  spiial 
ligament.  (Other  letters  as  Figs.  180-183.) 


acustica,  or,  as  it  is  called  in  Mammals,  the  organ  ofCorh  is  drawn 
out  to  a considerable  length,  and  the  part  of  the  wall  of  the  cochlea 
on  which  it  lies  is  called  the  basilar  membrane,  whde  the  opposite 
wall  is  spoken  of  as  the  menibranc  of  Beissner  (big.  lob)  : this  is 
already  represented  in  Crocodiles  and  Birds. 
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Tlie  aperture  of  communication  between  the  pars  superior  and 
pars  inferior  of  the  membranous  labyrinth — that  is,  between  the 
sacculus  and  utriculus,  is  entirely  obliterated  in  Mammals,  the  two 
parts  being  only  indirectly  connected  with  one  another  by  means 
of  the  ductus  endolymphaticus.  This  bifurcates  at  its  point  of  in- 
sertion into  the  membranous  labyrinth,  one  limb  being  connected 
with  the  utriculus  and  the  other  with  the  sacculus  (Fig°179);  while 
its  upper  end  perforates  the  inner  wall  of  the  cartilaginous  or  bony 
auditory  capsule,  passes  into  the  cranial  cavity,  and  terminates  by 
an  expanded  extremity  (saccus  endolymphaticus)  in  the  dura  mater. 
Osmosis  can  thus  occur  between  the  lymph  contained  in  the  en- 
dolymphatic and  epicerebral  lymph-spaces  respectively. 

The  tympanic  membrane  is  secondarily  situated  deep  down  in  the 
external  auditory  meatus,  and  thus  an  important  difference  is  seen 
between  the  Amphibia  and  Sauropsida  on  the  one  hand,  and  the 
Mammalia  on  the  other.  ^ The  tympanic  cavity  and  Eustachian  tube 
are  well_  developed,  and  in  place  of  the  single  bony  columella  of  the 
Sauropsida  there  is  a chain  of  three  auditory  ossicles,  articulating  with 
one  another  and  extending  between  the  tympanic  membrane  and 
the  fenestra  ovalis.  These  are — the  malleus,  the  incus  with  its 
orbicular  apophysis,  and  the  stai^es} 


The  stajfjerftKs  miKcie  arises  from  the  wall  of  the  tympanic  cavity,  and  is 
inserted  into  the  stapes,  serving  to  keep  the  membrane  of  the  fenestra 
ovahs  stretched.  It  is  supplied  by  the  facial  nerve  and  corresponds  to  a 
siieciahs^  portion  of  the  hinder  belly  of  the  biventer,  and  can  be  traced  back 

Iri.  'T'l  ^ supplied  by  the  mandibular  division  of  the 

tiigcininal  and  derived  from  the  internal  pterygoid  muscle  (primarily  from 
tlie  niiusticatory  muscles  of  Fishes)  also  arises  from  the  wall  of  the  tympanic 
ca\  ity,  and  is  inserted  into  the  manubrium  of  the  malleus,  servincr  to  keen 
.stilated  fibr^^^  luembrane  stretched.  Both  these  muscles  are  composed  of 


As  already  nientioned,  the  form  of  the  membranous  labyrinth 
IS  repeated  by  its  enclosing  cartilaginous  or  bony  capsule,  which 
lorms,  so  to  speak,  a sort  of  cast  around  its  individual  parts.'  Thus 
It  is  usual  to  speak  of  a cartilaginous  or  bony  labyrinth  as  distin- 
gUKshed  from  the  membranous  labyrinth  enclosed  within  it  the 

Irr  perilymphatic  cavity.  In  Mam’mals 

le  skeletal  labyrinth  becomes  ossified  before  any  other  part  of  the 
skull,  and  is  incompletely  divided  into  two  parts  enclosino-  the 
utriculus  and  sacculus  respectively.  With  the  latter  pa“rt  is 
connected  the  homy  cochlea,  the  axis  of  which  lessens  in  size  from 
base  to  apex  (Fig  185),  and  round  it  a bony  lamella  (lamina 

Sv'orthi  '"'T  spiral  manner;  this  extends  into  the 

cavit}  of  the  coils  of  the  cochlea  without  quite  reachino- 

twriaterafi  1 °^^tlvards  by 

two  laterally-diverging  lamellie,  mentioned  above  as  the  basilar 

parts  i?shown  ’ SO  and  233,  in  which  the  mode  of  development  of  tliesc 

of  tt  '^talXs  nu'sX.  rudiment  ^u  the  tendon 
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membrane  and  membrane  of  Reissner ; these  lie  at  an  angle  to  one 
another  and  correspond  to  the  inner  ■walls  of  the  membranous 
cochlea  or  scala  media,  Avhich  is  approximately  triangular  in 
transverse  section.  The  outer  wall  abuts  against  a jaortion  of  the 
peripheral  part  of  the  bony  cochlea  (the  region  between  Ls  and 
the  jDeripheral  end  of  R in  Fig.  186).  It  is  apparent  therefore  that 


A , axis  ; Luo,  Lso^,  lamina  spiralis  ossca,  the  free  edge  of  which,  perforated  by  the 
fibres  of  the  auditory  nerve,  is  visible  at  f ; H,  hamulus. 


A'/S',  bony  eoehlea  ; Lo,  Ao’,  the  two  layers  of  the  lamina  spiralis  ossca,  between 
which  at  N the  amlitory  nerve  (together  with  the  ganglion,  left  of  L)  is  seen  ; L, 
limbus  lainime  spiralis  ; li,  membrana  basilaris,  on  which  the  neuro-epithe- 
lium lies;  U,  Reissner’s  membrane ; Hn,  scala  vestibula  ; 8t,  scabx  tympani ; 
(S'w,  scala  media  (membranous  cochlea) ; C,  membrane  of  (Jorti  ; As,  liga- 
mentum  spirale. 


the  scala  media  does  not  by  any  means  fill  up  the  lumen  of  the  bony 
cochlea,  but  that  a cavity  is  left  on  either  side  of  it,  corresponding 
to  those  we  have  already  met  with  in  the  auditory  organ  of  Birds 
and  known  as  the  scala  vestibuli  and  scccla  tymioani  (Figs.  179  and 
186). 

Both  of  these  are  continuous  with  the  perilymphatic  cavity, 
and,  following  the  direction  of  the  scala  media,  open  into  one 
another  at  the  blind  end  of  the  latter  (Fig.  179).  The  scala 
vestibuli  is  shut  off  from  the  tympanic  cavity  by  the  membrane 
of  the  fenestra  ovalis,  to  which  the  stapes  is  applied  externally ; 
the  scala  tympani  is  closed  by  the  membrane  of  the  fenestra 
rotunda. 

On  the  floor  of  the  bony  cochlea,  not  far  from  the  fenestra 
rotunda,  is  an  opening  leading  into  a narrow  canal,  the  dtichis 
2)crilynix)haticus,  which  serves  as  a communicati()n  between  the 
perilymphatic  cavity  and  the  peripheral  lymphatic  trunks  of  the 


Tlie  fibres  of  the  auditory  nerve  running  along  the  axis  of  the  bony 
cochlea  extend  in  their  course  laterally  outwards,  between  the  two  plates 


^ A ductus  ijcrilymphaticus  can  be  plainly  made  out  from  Reptiles  onwards. 


Fi(i.  KS.j. — Rony  CooiiLKA  OK  Max.  (After  A.  Keker.) 


head  (Fig.  179).^ 
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of  the  lamiiiH  spiralis  ossea  (Figs.  186,  J87).  On  the  free  border  of  the 
latter  they  pass  out,  and  break  up  into  terminal  librillm  on  the  inner  surface 
or  the  oHsiiar  membrane. 

The  librilhe  extend  to  the  sensory  or  auditory  cells,  and  these  are  stretclied 
AS  in  a frame  between  the  firm  supporting  and  isolating  cells  or  liacilli. 
fiiom  the  surface  of  the  bacilli  a resistant  net-like  membrane  (membrana 
reticularis)  extends  laterally,  and  through  the  meshes  of  the  latter  the  hairs 
of  the  auditory  cells  pro^^^^^  The  number  of  the  outer  hair-cells  may  be 
estimated  at  about  12,000.  The  auditory  cells  are  covered  by  a thick  and 


firm  membrane —the  membrana  tectoria  ».  Corti— which  nerhai.s  -i,.!-  • 

StenYTth^wii'''"  »'.«■«  ■-i.inii- 

hke^and  fibre.,  „t  which 

occurs  in  Mammals  only  fcomn  n 990)  A i ^ 
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Fk;.  '88. — The  Pinna  of  Various  Primates. 

In  A,  the  .slmded  portion  (h)  represents  the  /.one  of  the  auditory  eminences  of  the- 
cmhryo,  the  unshaded  that  of  the  later  formed  auditory  fold.  13,  Man, 
]3al)oou  and  Ox,  drawn  to  the  same  scale  and  superposed  : .s',  s,"  s,  spina  oi^ 
tip  of  the  ear.  C,  Maeacus  rhesus,  witli  upwardly  directed  tip  ; and  D,  Cerco- 
pithecus,  Mdthlmekwardly  directed  tip.  E,  Man  : the  muscles  are  indicated 
as  follow.s — m.a,  attolens  auriculas  ; m.a',  antitragicus  ; m.t,  tragicus  y. 
m./',  inconstant  muscle,  extending  from  the  tragiciis  to  the  margin  of  the- 
helix  ; m.h',  helicis  major  ; 7n.h"  helicis  minor  ; s,  tip  of  the  ear  rolled  over. 

A-].),  after  Seliwalbe  ; E after  Henle. 


auditory  meatus.  These  auricular  eminences  unite  to  form  a nearly  con- 
tinuous ring,  on  which  are  later  formed  the  characteristic  protuberances 
knomi  as  the  helix,  antihelix,  tragus,  and  antitragns.  The  variations  in  the- 
form  of  the  pinna  whicli  are  seen  in  various  Mammals  concern  essentially  the 
later  formed  portion  which  projects  uiiwards  and  backwards  from  the  head 
(Fig.  IS8). 


F.  ORGANS  OF  NUTRITION. 

ALIMENTARY  CANAL  AND  ITS  APPENDAGES. 

The  cilimentaiy  cunal  consists  of  a tube  which  begins  at  the 
apeituie  of  the  'mouth,  passes  through  the  body  cavity  (coelome), 
and  ends  at  the  vent  or  amts}  Its  walls  consist  of  several  layers 
(Fig  214,),  of  which  the  nmcous  membrane,  lining  the  cavity  of 
the  tube,  and  the  imtscular  layer  external  to  this,  extend  throughout 
the  canal.  The  mucous  membrane  consists  of  a superficial 
e'pitheUxtm  and  a deeper  connective-tissue  layer,  the  outer  part 
of  which,  or  sub-mitcosa,  foi’ins  a loose  network  extendino"  to  the 
muscular  layer._  The  epithelium  is  derived  from  the  hypoblast 
with  the  exception  of  that  lining  the  mouth  and  anus  (stomodcextm 
and  proctodcmm'^)  which  is  epiblastic  in  origin  (p.  5).  The  con- 
nective tissue  and  muscular  layers  arise  from.the  splanchnic  layer 
of  mesoblast  of  the  embryo ; and  the  muscular  coat,  consistino: 
almost  entirely  of  unstriated  fibres,  supplied  with  nerves  from  the 
sympathetic  system,  is,  as  a rule,  divided  into  two  layers,  the  inner 
being  constituted  by  circular,  and  the  outer  by  longitudinal  fibres. 
Ihese  serve  for  the  contraction  or  peristalsis  of  the  wall  of  the  crut 
and  thus  fulfil  the  double  function  of  bringing  the  nutritive  con- 
tents  of  the  latter  into  the  closest  possible  relation  with  the  whole 
epithehal  surface,  and  at  the  same  time  of  removing  from  the  body 
the  substances  which  have  not  been  absorbed.  Striated  (voluntary) 
muscular  fibres,  supplied  by  cerebral  or  spinal  nerves,  occur  only  at 
the  anterior  and  posterior  ends  of  the  canal. 

An  outer  accessory  scroits  coat,  the  peritonextm,  encloses  the 
gut  externally  in  the  region  of  the  coelome.  This  is  covered  on  its 

Verteln-ates  (e.;/.,  ElasinoLranchii,  Ainnhihia)  a i)i>r 

an.  7 ^7  hea.l  anil  tnJnk, 

iignesiiHc  to  a lo.l  lying  close  beneath  the  notocliord  In  certfiin  d 

‘y  ».  «g.ne„Cal 

ro.1  SwrK'e  „,,Vk,r  “ “ 
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free  surface  by  iDaveinent  epithelium,  and,  dorsally  to  the  alimentary 
canal,  is  reflected  round  the  entire  body-cavity,  converting  the 
latter  into  a large  lymph-sinus.  A parietal  layer,  lining  the  body- 
cavity,  and  a viseeral  layer,  reflected  over  the  viscera,  can  thus  be 
distinguished  in  the  peritoneum  (Fig.  7).  The  part  where  one 
passes  into  the  other,  which  is  thus  primitively  double,  is  called 
the  mesentery^  and  this  serves  not  only  to  support  the  alimentary 
canal  from  the  dorsal  body-wall,  but  also  to  conduct  the  vessels 
and  nerves  passing  from  the  region  of  the  vertebral  column  to  the 
viscera.  With  the  lengthening  of  the  alimentary  canal  during 
development,  the  mesentery  may  give  rise  to  a more  or  less  com- 
])licated  system  of  folds  in  which  the  viscera  are  enveloped. 

The  most  anterior  section  of  the  primitive  alimentary  tract 
of  the  Ichthyopsida  functions  as  a respiratory  cavity  as  well  as  a 
J'ood-passaye.  A row  of  sac-like  outgrowths,  lying  one  behind  the 
other,  are  developed  from  the  mucous  membrane  and  eventually 
unite  with  the  ectoderm,  apertures  being  formed  to  the  exterior 
(Fig.  1(S!),  A).  Between  the  channels  thus  formed,  the  visceral 
arches  (p.  GO)  are  situated,  and  along  the  latter  certain  vessels 
are  formed  by  means  of  which  a continual  interchange  of  gases  can 
take  place  between  the  blood  and  the  air  contained  in  the  water 
j)assing  through  the  sacs.  In  this  manner  the  gills  or  hranchicc 
(p.  273)  arise.  Even  in  the  Amniota,  although  gills  are  not 
■developed,  the  larger  portion  of  the  cavities  of  the  mouth  and 
pharynx  lying  behind  the  internal  nostrils  serves  as  a common  air- 
and  food-passage  until  a proper  palate  (pp.  02,  202)  is  formed  (Fig. 
1 80,  C). 

With  the  formation  of  a definite  palate  (most  Amniota),  the 
primitive  mouth-cavity  becomes  divided  into  an  upper  respiratory, 
and  a lower  nutritive  portiooi — that  is,  into  a nasal  and  a secondary 
or  definitive  mouth-cavity.  The  separation,  however,  is  not  a com- 
plete one,  the  passage  being  common  to  both  cavities  for  a certain 
region  (Fig.  189,  D).  This  region,  in  all  Vertebrates,  is  called 
the  pharynx,  and  in  Mammals  it  is  partially  separated  from  the 
mouth  by  a fibrous  and  muscular  fold,  the  velum  palati,  or  free 
edge  of  the  soft  palate? 

The  alimentary  canal  of  Vertebrates  is  typically  divisible  into 
the  following  principal  sections  (Fig.  190) : — Mouth  or  oral 
cavity,  p)harynoc,  g^dlet  or  oesophagus,  stomach,  small  intestine,  and 
large  intestine.  The  large  intestine  may  communicate  with  a 
cloaea,  into  which  the  urinary  and  genital  ducts  also  open,  or  it 
may  open  directly  to  the  exterior.  The  small  intestine  may  be 
further  differentiated  into  duodenum,  jegeunum  and  ileum,  and  the 
larffe  intestine  into  colon  and  rectum.  A blind-gut  or  cccciom  is 

O 


^ In  Mui’icnouls,  Dipnoans,  and  Lepidostens,  a ventral  mesentery  is  also  ijrescnt, 
blit  in  Lepidostens  it  only  extends  for  a short  distance  along  the  hinder  part  of 

the  gut.  _ 

- A ineinbranous  v'elum  jialati  exists  in  Crocodiles. 
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Fi.sir  (A), 


I'Ki.  ISO.  — DlAfiKAMS  OF  TItK  OuAL  CaVITY  AND  PjIARYNX  OF  A 
Ami-iiiijian  (T{),  Reftile  ok  Bird  (C),  and  Man  (D). 

A,  extenuil  nostril;  Ch,  internal  nostril;  D,  alimentary  canal;  AT,  gill-slit.s  • 
/o  lung;  /,  trachea;  0,  oisophagus  : the  arrow  marked  A indicates  tl'ie 
respiratory  jiassage,  that  marked  li  the  nutritiYe  passage  ; t,  the  point  where 
the  two  passages  cross  one  another.  s,  , , i u Hocie 
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often  ]5reseut  at  the  junction  of  the  large  and  small  intestine. 
Between  the  stomach  and  duodenum  as  well  as  between  the  ileum 


Fii!.  ]9U. — Diaukam  of  the  Alimentary  Canal  of  Man. 


salivary  glands  ; 7^/t,  pharynx  ; tliyrohl ; 01. thy,  thymus;  Ly,  lung; 

Ok,  tvsophagus  ; Z,  diaphragm  ; My,  stomach  ; Jjh,  liver  ; Pa,  f)ancreas  ; 
J)(l,  small  intestine  ; Vi(‘,  ileo-colic  valve  ; Pv,  vermiform  appendix  (ciccum)  ; 
Ca,  Ct,  Cd,  ascending,  transverse,  and  descending  portions  of  the  colon ; if, 
I'ectum  ; A , anus. 


and  large  intestine  there  is,  as  a rule,  a marked  elevation  of  the 
muscular  coat  serving  as  a sphincter  {fylonc  and  ilco-colic  valves). 
There  is  also  a sphincter  muscle  at  the  anus. 
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The  small  intestine  is  in  most  cases  the  longest  section  of  the 
alimentary  ti'act : the  bile  and  pancreatic  ducts  open  into  its 
anterior  portion. 

In  almost  all  cases  the  alimentary  canal  becomes  more  or  less 
•coiled,  and  thus  presents  a greater  surface  for  absorption.  As  a 
general  rule,  it  is  relatively  longer  in  herbivorous  than  in  carni- 
vorous animals.  A considerable  increase  of  surface  also  commonly 
results  from  the  elevation  of  the  mucous  membrane  to  form  folds, 
villi,  and  papillae  (p.  269). 

Certain  cqjpenclages  are  present  in  connection  with  the  ali- 
mentary canal.  These  are  all  developed  primarily  from  the 
hypoblast  and  are  thus  of  epithelial  origin : mesoblastic  elements 
are  added  to  them  secondarily.  Whether  they  function  as 
glands  throughout  life  or  not,  they  are  all  formed  on  the  same 
type  as  glands. 

Beginning  from  the  mouth  the  following  appendicular  organs 
may  be  distinguished  (Fig.  190) : — 

(1)  Mucous  and  scdivary  glands. 

(2)  The  thyroid. 

(3)  The  thynmis. 

(4)  The  lungs  or  air-bladder. 

(5)  The  liver. 

(6)  The  pcmcrcfls. 

In  addition  to  these,  gastric  and  intestined  glands  are  embedded 
in  the  wall  of  the  gut. 

Mouth. 

In  Amphioxus  the  entrance  to  the  mouth  (oral  hood)  is  joro- 
vided  with  cirrhi,  and  in  Petromyzon  ^ it  is  surrounded  by  a ring  of 
cartilage  (Fig.  54)  : all  other  Vertebrates  are  provided  with  jaws. 

Definite  Lips  provided  with  muscles  first  appear  in  Mammals, 
but  are  Avanting  in  Monotremes.  The  space  between  them  and  the 
jaws  is  spoken  of  as  the  vestihuhtnv  oris;  this  may  become 
extended  on  either  side  to  form  cheeh-pouches,  Avhich  serve  as  food 
reservoirs  (many  Monkeys  and  Rodents). 

The  chief  organs  of  the  oral  cavity  are  the  teeth,  the  glaiuls, 
and  the  tongue. 


Teeth. 

The  teeth  are  developed  quite  indejAendently  of  the  endo- 
skeleton,  and  both  epiblast  and  rnesoblast  take  part  in  their  forma- 
tion (comp.  p.  30).  The  first  traces  of  the  teeth  are  seen  primarily 

^ The  moutli  of  the  Liynprey  serve.s  a.s  a suctorial  organ  for  attaching  the 
animal  to  foreign  objects.  The  larvic  of  Lepidosteus  and  Anura  are  teiniiorarilv 
provided  with  suctorial  organs 
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in  the  form  of  superficial  papilla  of  the  mucous  membrane ; but 
secondarily,  owing  to  want  of  space,  the  epithelium  of  the  mouth 
grows  inwards  so  as  to  give  rise  to  a dental  lainma  Avhich  becomes 
enlarged  distally  at  certain  points  to  form  the  so-called  enamel-organs^ 
These  as  they  grow  deeper  into  the  mesoblast  become  bell-shaped,  and 
enclose  modified  masses  of  connective-tissue,  the  dental  pajjillw ; 
the  upjjer  cells  of  the  papillae,  i.e.,  those  next  to  the  enamel-organ 
are  knosyn  as  odontoblasts  (Fig.  191,  A).  The  epithelial  and  con- 
nective tissue  germs  come  into  the  closest  relation  with  one  another 


A’J/,  epillieliiiin  of  inoutli ; S'K,  dental  lamina;  ZK,  dental  papilla;  3fa,  mem- 
l)i-ana  adaniantina  of  enamel-organ  ; 0,  odontoblasts  ; Z)>S',  dentine ; B;/,  B(j, 
eonneetive  tissue  follicle  or  sac  surrounding  the  tooth. 


Fic.  lOlii. — iSkjiidiaorammatic  Figurk  of  a Longitcdinar  Section  throitcii 

A Tooth. 


ZS,  enamel;  ZB,  dentine;  ZC,  cement;  P.4’,  aperture  of  the  pulp-cavity  ( P/7). 


and  give  rise  respectively  to  the  calcified  enamel  and  dentine  (ivory), 
of  which  the  teeth  are  composed.  The  enamel  is  the  harder  and 
contains  little  organic  matter,  and  the  dentine  is  permeated  by  a 
system  of  fine  canals  in  which  are  delicate  processes  of  the  odonto- 
blasts. A third,  bone-like  substance,  the  cement,  is  also  formed 
round  the  bases  of  the  teeth,  and  between  the  folds  of  enamel 
when  these  are  present;  it  may  unite  with  the  bones  of  the  jaw. 
The  root  of  the  tooth,  embedded  in  the  gums,  is  provided  at  its 
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lower  end  with  an  opening  leading  into  the  central  pulp-cavity 
(Fig.  191,  B),  into  which  blood-vessels  and  nerves  extend. 

In  most  Vertebrates  below  Mammals  all  the  teeth  are  essentially 
similar  in  form  (Jwmodont  dentition) : in  Mammals,  on  the  other 
hand,  they  become  differentiated  into  distinct  groups  (lieterodont 
dentition),  known  as  incisors,  canines,  and  cliech-tecth  or  grinders 
{premolars  and  molars). 

A succession  of  teeth  takes  place  throughout  life  in  almost  all 
Vertebrates  except  Mammals,  in  which  there  are  very  exceptionally 
more  than  two  functional  sets,  the  so-called  milh-  or  deciduous  teeth 
and  the  successioncd  teeth.  This  difference  is  expressed  by  the 
terms,  p)olyphyodont  smA.  dip)hyodont.  (Comp.  p.  245). 

Fishes,  Dipnoans,  and  Amphibians. — The  homology  and 
similarity  of  the  teeth  with  the  dermal  denticles  of  Elasmobranchs 
has  already  been  treated  of  (p.  30).  The  most  primitive  form  of  the 
tooth  is  that  of  a simple  cone,  but  even  amongst  Elasmobranchs, 
in  which  the  teeth  are  arranged  in 
numerous  parallel  rows  upon  the  car- 
tilaginous jaws,  this  form  has  already 
become  modified  in  various  ways  for 
seizing  or  crushing  the  food. 

Of  those  Anamnia  which  possess 
a bony  skull,  four  groups  of  tooth- 
bearing bones  may  in  general  be  dis- 
tinguished, viz.,  (1)  the  maxillary  arch 
{premaxilla  and  maxilla) ; (2)  the 
palatal  arch  {vomer,  pcdatine,  ptery- 
goid) ; (3)  the  (unpaired)  parasphc- 
noid  : and  (4)  the  mandibular  arch 
{dentary  and  splenial).^ 

Tme  teeth  are  wanting  in  Cyclo- 
stomes,  and  amongst  cartilaginous 
Ganoids  they  are  absent  in  the 
adult  Sturgeon,  though  rudiments 
are  present  in  the  embryo.  Amongst 
Teleostei  they  are  wanting  in  the 
adult  Lophobranchii  and  in  Coregonus.  In  the  Cyclostomes  they 
are  represented  functionally  by  a number  of  conical  hor?iy  teeth.^ 

In  bony  Ganoids  and  Teleosts,  teeth  may  be  present  on  all  the 
bones  bounding  the  oral  cavity,  as  well  as  on  the  hyoid  and  the 
branchial  arches  (“pharyngeal  bones”).  In  the  latter  position, 
as  well  as  on  the  parasphenoid,  they  often  form  brush-like 
groups.  In  form  the  teeth  may  be  cylindrical,  conical,  or 

hooked;  or  they  may  be  chisel-shaped  (Scarus,  Sargin®), 

‘ The  teeth  of  Elasmobranchs  may  be  compared  to  (2)  and  (4)  of  these. 

® Structures  bearing  a superficial  I’esemblance  to  vestigial  true  teeth  are 
recognisable  beneath  the  horny  teeth,  but  they  possess  no  odontoblasts  or 
enamel  epithelium. 

R 


Fig.  192. — Skull  of  JBatrachoseps 
attenuatus.  (From  the  ventral 
side,  showing  the  teeth  on  the 
parasplienoicl. ) 
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Fiu.  l'J3,  A. — Tooth  ok  Fkoi.',  and  193,  B,  Salamandra  atra. 

ZK,  crown  ; ZS,  base ; ItF,  circular  furrow ; S,  apex,  covered  M’itli  enamel ; 
FH,  pulji-cavity  ; M,  maxilla. 

Fig.  193,  C. — Transverse  Section  through  Portion  ok  a Tooth  ok  .v  Laby- 
RINTHODONT  (MastodoumiiriiH).  (After  J.  Storrie. ) 

C.c,  central  pulp-cavity  ; 1,  inflections  of  the  enamel,  surrounded  by  dentine, 
which  reach  the  centre  (c.c)  ; 2,  lialf-length  inflections  between  1 ; 3,  short 
inflections  between  1 and  2. 


resembling  the  incisors  of  Mammals,  and  working  together  like 
scissors ; in  some  Fishes  they  give  rise  to  a definite  pavement, 
are  rounded  in  form,  and  serve  to  crush  the  food.  They  may. 
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asfain,  be  delicate  and  bristle-like  (ChaBtodon),  or  sabre-shaped 
(Chauliodus). 

In  the  Dipnoi  (Fig.  62)  the  teeth  are  compound  and  exceedingly 
massive,  presenting  sharp  edges  and  points. 

In  the  Amphibia  there  is  in  general  a considerable  diminution 
in  the  number  of  teeth  as  compared  with  Fishes  ; and  at  the  same 
time  a much  more  uniform  character  is  noticeable  in  their  form 
throughout  (Fig.  193,  A,  B).  They  are  enlarged  conically  below,  and 
rest  on  a definite  base,  while  above  they  become  narrower  and 
slightly  curved,  ending  either  in  a double  ( Myctodera,  Anura),  or 
a single  apex  (Perennibranchiata,  Derotremata,  Gymnophiona);  the 
latter  is  the  more  i^rimitive  condition.  The  teeth  lie  deeply  em- 
bedded in  the  mucous  membrane,  and  are  present,  as  a rule,  on  the 
premaxilla,  maxilla,  and  mandible  (excej)t  in  Anura),  as  well  as  on 
the  vomer  and  palatine,  but  rarely  on  the  parasphenoid  (certain 
Urodeles,  Fig.  192) ; in  the  larvae  of  Salamanders  and  in  Proteus  the 
splenial  of  the  lower  jaw  is  also  toothed.  Horny  teeth  and  horny 
jcnvs,  developed  entirely  from  the  epidermis,  are  present  in  larval 
Anura,  and  similar  structures  occur  in  Siren  lacertina. 

Teeth  are  altogether  absent  in  the  Bufonidae  and  in  Pipa. 

The  teeth  of  certain  of  the  Stegocephala  (Labyrinthodonta) 
were  extremely  complicated,  the  enamel  ajDpearing  as  numerous 
corrugated  folds  extending  from  the  periphery  towards  the  centre 
(Fig.  193,  C). 


Reptiles  a.nd  Birds. — Corresponding  with  the  gi’eater  firm- 
ness of  the  skull  in  Reptiles,  the  dentition  is  usually  strongly 
developed,  and  occasionally  at  the  same  time  it  is  more  highly 
differentiated  than  iri  Amphibians.  The  teeth  are  either  situated 
upon  a ledge  on  the  inner  side  of  the  lower  jaw,  with  which  they 
become  fused  basally  (yoleurodooit  dentition — most  Lacertilia)  j or 
they  he  on  the  free  upper  border  of  the  jaw  {acrodont  dentition — 
Chameleon) ; or  finally  ,as  in  Crocodiles  and  numerous  fossil  Reptiles, 
they  are  lodged  in  alveoli  (thecodont  dentition)  (Fig.  194,  A,  a,  h,  c). 
Both  upper  and  lower  jaws,  and  occasionally  the  palatine  and 
pterygoid  also,  are  toothed  (Lizards  and  Snakes) ; and  in  Hatteria, 
voinerine  teeth  may  also  be  present.  The  teeth  are  usually  conical 
and  mw-e  or  less  pointed,  but  in  Lizards  the  apex  is  double,  and  in 
many  Reptiles  (e.y.,  Palseohatteria,  Hatteria,  Uromastix  spinipes 
Agamse,  and  numerous  fossil  forms,  especially  the  Theriodontia  of 
the  inas  of  South  Africa),  a heterodont  dentition  is  already  indi- 
cated. Almost  all  Reptiles  are  polyphyodont. 

In  poisonous  Snakes  a varying  number  of  maxillary  teeth  are 
differentiated  to  form  Thus  in  the  common  Viper 

e las  erus)  theie  are  on  each  side  ten  poison-fangs  arranged 
n transverse  rows  ; the  stronger  ones  project  freely,  while  the  lesser, 
eseive  teeth  he  within  the  gum  (Fig.  195,  A) ; only  one  of  these 
eeth,  however,  is  firmly  fixed  to  the  maxilla  at  a time.  Each  fan-.-^ 
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is  perforated  by  a poison-canal,  which  is  incompletely  surrounded 
by  the  pulp-cavity,  the  latter  having  the  form  of  a half-ring  in 


Fici.  194. — A,  ])iA(iKAMs  OF  Transverse  Section  through  the  Jaws  of 
llEl'TIEES,  showing  PlEURODONT  («),  ACRODONT  {!>),  AND  ThECODONT  (c) 
Dentitions.  ]5,  a,  Lower  Jaw  of  Zootoca  vivi2>ara;  h,  of  Anguis  fragilis. 
(After  Lcydig.) 


transverse  section  (Fig.  195,  B,  C,) : the  duct  of  the  poison-gland 
passes  into  an  aperture  at  the  base  of  the  tooth  which  leads  into 


B 


Fig.  195.— Figures  of  the  Poison-Fangs  of  a Viperine  Snake. 


A skull  of  Rattlesnake;  B,  transverse  section  through  about  the  middle  of  the- 
poison-fang  of  Vipera  ammodytes  ; C,  transverse  section  throiigh  the  poison- 
fang  of  Vt2^cra  ammodytes  near  itB  distal  end.  (B  and  C after  Leydig. ) 

Gz,  poison-fang ; i?z,  reserve  fangs  ; GO,  poison-canal ; FIT,  pulp-cavity. 


the  poison-canal,  and  the  latter  opens  at  a short  distance  Ji’om  the 
apex  of  the  tooth  (see  the  course  of  the  arrow  in  Fig.  195,  A). 
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Between  the  ordinary  teeth  of  Snakes  and  the  poison-fangs  with  elosed 
canals,  there  are  numerous  intermediate  forms  in  which  certain  of  the  teeth 
are  simply  grooved  along  their  anterior  side.  A similar  condition  is  also 
seen  in  the  teeth  of  the  lower  jaw  of  a poisonous  Mexican  Lizard  (Heloderma). 


(Comp.  p.  252. ) T • 1 1 c*  1 

A peculiar  tooth  is  present  in  the  embryos  of  Lizards  and  some  bnates. 

It  projGcts  coiisiclerably  beyond  its  neighbours,  and  lies  in  the  median  line  of 
the  lower  jaw,  extending  vertically  towards  the  snout  and  serving  the  young 
as  a means  of  breaking  through  the  parchment-like  egg-shell.  This  must 
not  be  confounded  with  the  horny  “neb”  in  Crocodiles,  Chelonians,  Birds, 
ivnd  Monotremes  amongst  Mammals,  ivhich  is  of  a purely  epithelial  nature. 


Chelonians,  like  existing  Birds,  are  provided  with  horny  sheaths 
to  the  jaws  instead  of  teeth.  The  joresence  of  teeth  in  the  embryo 
of  Trionyx,  as  well  as  of  a rudimentary  dental  lamina  in  embryos  of 
Chelone  and  Sterna,  for  example,  proves,  however,  that  this  is  only 
a secondary  condition. 

In  the  cretaceous  Birds  of  N.  America  (Odontornithes)  teeth  were 
present,  and  were  either  situated  in  a definite  alveoli  (Ichthyornis), 
or  simply  in  grooves  (Hesperornis).  The  premaxillm  were  tooth- 
less, and  seem  to  have  possessed  a horny  beak.  The  single-pointed, 
smooth  teeth  of  Archaeopteryx  were  probably  situated  in  alveoli. 
It  is  possible  that  some  of  the  Eocene  Birds  (e.g.y  Argillornis, 
Gastornis)  possessed  teeth. 


Mammals. — The  heterodont  djentition  characteristic  of  the 
Mammalia  as  a Class  must  have  arisen  by  a modification  of  a 
simple  homodont  condition,  in  which  the  teeth  were  all  conical 
and  of  similar  size  and  shape.  Side  by  side  with  this  modifi- 
cation, a shortening  of  the  jaws  has  usually  taken  place,  and 
the  teeth  serve  not  only  to  seize  and  bite  the  food,  but  also  to 
masticate  it  and  to  test  its  qualities.  The  frequent  presence  of 
rudimentary,  functionless  teeth,  renders  it  probable  that  in  the 
course  of  jjhylogenetic  development  the  teeth  have  undergone  a 
decrease  in  number.’-  An  increase  in  number,  such  as  is  met  with 
in  toothed  Whales,  is  due  to  the  separation,  during  ontogeny,  of 
the  component  cusps  of  complex  teeth,  and  is  therefore  not  a 
primitive,  but  a highly  specialised  condition. 

As  already  mentioned,  the  succession  is  nearly  always  reduced 
to  two  functional  sets,  the  so-called  milk  or  decuhoovjS  teeth  and  the 
mccessiorud  or  permanent  teeth,  and  in  some  cases  (see  p.  249)  even 
one  of  these  may  be  rudimentary.  Traces,  however,  of  an  earlier 
set  occur  in  certain  Mammals  : this  may  be  spoken  of  as  a “ pre- 
milk dentition.”  Occasionally  also  (e.y.,  in  Man)  one  or  more 
teeth  appear  which  replace  tlie  corresponding  “ permanent”  teeth 
and  thus  indications  of  four — and  possibly  even  of  five — sets  can 
in  all  be  recognised. 

In  each  of  the  two  functional  sets,  incisors,  canines,  and  eheek- 

* The  last  molar  of  Man,  or  so-called  “ wisdom-tooth,”  seems  to  be  gradually 
disappearing  ; it  appears  last  and  is  lost  first,  and  ofteii  does  not  reach  the 
grinding  surface.  In  many  cases  also  the  outer  upper  incisors  are  wanting. 
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teeth,  or  grinders,  can  as  a general  rule  be  distinguished.  The 
teeth  which  replace  the  milk-grinders  are  distinguished  ns, ggr^molars 
from  the  molars,  which  are  situated  further  back  in  the  jaw  and 
have  no  predecessors.^ 

All  the  teeth  are  imbedded  in  well-developed  alveoli  of  the 
jatv-bones,  the  upper  incisors  being  situated  in  the  premaxillae,  the 
upper  canines  and  cheek-teeth  in  the  maxillae,  and  the  lower  teeth 
in  the  mandible  (dentary).  The  canine,  which  corresponds  to  a 
specially  differentiated  premolar,  and  is  most  characteristically 
developed  in  Carnivora,  lies  in  a more  or  less  continuous  series 
with  the  incisors.  The  premolars  follow  behind  the  canine,  the 
space  usually  pi-esent  between  them  being  called  the  diastema,  and 
then  come  the  molars.  The  primary  arrangement  of  the  teeth  is 
such  that  there  is  an  alternation  between  those  of  the  upper  and 
lower  jaw : thus  the  teeth  in  one  jaw  do  not  usually  correspond  in 
position  with  those  of  the  other,  but  with  the  intersjDaces  between 
them. 

In  some  cases  the  enamel-organ  persists  in  all  the  teeth, 
which  then  continue  to  grow  throughout  life  (e.g.,  Lepus);  in 
others  this  is  true  of  the  incisors  only  (e.g.,  numerous  Rodents, 
Elephant) ; but  more  usually  growth  ceases  after  a certain  time, 
and  the  teeth  then  form  definite  fangs  ov  roots,  each  perforated  by  a 
small  canal  communicating  witli  the  reduced  pulp-cavity. 

The  incisors  are  usually  fchisel-shaped,  while  the  canines,  in 
those  cases  where  they  are  most  characteristically  developed 
(Carnivora),  possess  a pointed,  conical  form,  and  are  more  or 
less  curved.  The  cheek-teeth  either  possess  sharj),  cutting  crowns 
(e.g..  Carnivora),  or  the  crowns  are  broad  and  more  or  less  flat  and 
tulDerculated,  and  adapted  for  grinding  the  food.  In  the  latter 
case  the  relations  of  the  enamel,  dentine,  and  cement  are  such  as 
to  produce  an  uneven  surface  with  wear,  showing  a characteristic 
pattern  in  the  different  groujJS  (Figs.  19C — 200). 

The  relation, s and  number  of  the  tubercles — which  may  be  conical  (e.</.,  Pig) 
or  crescentic  (e.f/.,  Horse,  Ruminants,  Fig.  IIW),  as  well  as  the  form  of  the 
teeth  in  general,  is  of  great  importance  in  elucidating  the  ancestral  history 
of  the  Mammalia,  and  attempts  have  been  made  to  trace  the  evolution  of 
the  v'arious  forms  of  molar  met  with  in  the  Class.  According  to  one  view 
the  tuberculated  molar  has  arisen  by  the  gradual  modification  of  a single 
conical  tooth,  which  has  jjroduced  lateral  outgrowths  or  buds.  Thus  taking  the 
simple  conical  form  such  as  exists  in  toothed  Whales  as  the  most  primitiv'e 
form  of  mammalian  tooth,  we  find  that  certain  extinct  Mammals  (e.f/.,  Trico- 
nodon)  possessed  teeth  with  a main  cone  and  two  lateral  cusps.  It  has  been 
supjjosed  that  the  more  complicated  forms  have  been  derived  from  this 
triconoclont  tooth — firstly  by  a rotation  of  the  lateral  cu,sps  outwards  in  the 
upper,  and  inwards  in  the  lower  tooth,  thus  forming  a tritnhercular  tooth, 
with  three  cusps  arranged  in  a triangle  ; and  secondly  by  the  addition  of  other 
cusjjs,  the  first  to  appear  being  the  posterior  heel  or  talon. 

Another  hyj^othesis  is  that  the  mammalian  cheek-teetli  were  primarily 


1 It  must,  however,  be  remembered  that  in  some  cases  the  so-called  pre- 
molars have  no  predecessors  (nee  p.  249). 
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Fio.  196. — Dentition  of  the  Dog  [Canis  familiaris). 


Fig.  197. — Dentition  of  the  Hedgehog  {Erinaceus  e.uro2Mus). 

(The  teeth  of  both  jaws  from  the  side,  and  those  of  the  upper  jaw  from  below.) 

i,  incisors  ; c,  canines  ; premolars ; m,  molars. 


multitubercular,  having  originated  by  the  fusion  of  a number  of  simple  coni- 
cal teeth  ; and  certain  facts  in  their  development  and  the  presence  of  multi- 
tuVjerculate  Mammals  in  the  Triassic  rocks,  as  well  as  a comparison  with 
the  massive  teeth  met  with  in  various  Fi.shes  for  example,  seem  to  sup- 
port this  view.  The  resulting  decrease  in  number  is  compensated  for  by  the 
greater  perfection  of  the  uidividual  teeth. 


248 


COMPARATIVE  ANATOMY 


Fig.  199.— Dentition  of  8iieef  (Ovis  aries). 


(References  as 


before,  but  in  Fig.  199  i.he  teeth  of  the  lower  instead  of  tlie 
Upper  jaw  are  figured  from  the  surface.) 
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The  limitation  of  the  succession  to  two  or  even  one  functional 
set  is  probably  due  to  the  - concentration  of  several  successive 
generations  of  teeth  in  correspondence  with  the  higher  develop- 
ment of  the  individual  tooth.  This  concentration  is  most  marked 
in  Marsupials,  in  which  only  a single  tooth,  usually  described  as  the 
fourth  premolar,  has  a predecessor.  Differences  of  opinion  exist  as 
to  whether  this  tooth  is  to  be  regarded  as  the  last  remains  of  the 
first  or  of  the  second  set,  or  -whether  it  belongs  to  the  same  series 
as  the  others  and  is  only  retarded  in  development.  The  fact  that 


Fia.  2(J0.— Dentition  of  a CATAiiraiiNE  Monkey  {Nasalis  larvatiis). 
References  as  before. 


in 'toothed  Whales  the  milk-teeth  persist  and  the  second  set  is 
only  represented  in  rudiment,  seems  to  indicate  that  the  teeth  of 
Marsupials,  except  the  fourth  “ premolar”  belong  to  the  first  set, 
and  that  the  milk  dentition  of  Mammals  is  not  a secondary  acqui- 
sition. In  other  words,  the  primitive  Mammalia  were  at  least 
diphyodont,  and  the  apparent  monophyodont  condition  seen  {c.g.,  in 
toothed  Whales)  is  a secondary  condition.  In  the  placental  Mammals 
the  second  dentition  becomes  of  greater  importance  than  the  first.^ 


instances,  however,  the  first  premolar  appears  to  belong  to  the 
milk  dentition,  and  this  may  possibly  be  the  case  as  regards  the  molars  also. 
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In  describing  the  teeth  of  a Mammal  it  is  convenient  to  make  use  of  a 
dental  formula  in  which  their  number  and  arrangement  can  be  seen  at  a 
glance,  the  teeth  of  one  side  only  being  represented.  Thus  the  adult  dental 
formula  of  those  animals,  the  teeth  of  whicli  are  represented  in  Figs.  196  to 
200,  would  be — 


Fig.  196.  Dog, 

,,  197.  Hedgehog, 

1 


198.  Porcupine, 

199.  Slice}), 


o 

'3 

■3 

■3 


= 42 
= 36 
= 20 
= 32 


200.  Catarrhine  Monkey, 


2 • 1 • 2 • 3 
2 • 1 • 2 - '3 


= 32 


The  most  com})lote  dentition  is  seen  amongst  Marsu}iials,  the  dental  formula 
r nr  1 • 1 • 4 ■ 1 • 3 • 5 or  6 

of  Myrmecobius  being  ■ j . . y . 5 (;  = 50 — 52.  The  more  ty}iical  arrange- 


ment is 


3 • 1 • 4 • 3 
3 • 1 • 4 ■ 3 


= 44. 


Sexual  dill'erences  in  dentition  exist  in  a number  of  Mammals.  Thus  in 
the  male  Wild  Boar,  Narwhal  (Monodon),  Dugong  (Hidicore),  and  Musk-deer 
)i  modification  of  certain  of  the  teeth  (the  canines  or  the  incisors)  to  form 
tuHlai  occurs,  and  these  serve  as  lighting  wea})ons.  In  the  Ele}ihant  and 
Walrus  tusks  are  })resent  in  both  sexes  : in  the  former  they  correspond  to 
incisors,  and  in  the  latter  to  canines. 


In  Ornitliorhynclms  the  teeth  become  replaced  functionally  after 
a time  by  the  development  of  horny  masticatory  jDlatesd  and  in 
Echidna  they  are  wanting  altogether.  Adult  Whalebone  Whales  and 
certain  Edentates  (Myrmecophaga,  Manis)  are  toothless,  but  rudi- 
ments of  teeth  exist  in  the  embryo.  In  other  Edentates  the  teeth 
are  Avanting  in  enamel.  Canines  are  absent  in  certain  Mammals 
(c.f/.,  Rodents)  and  the  incisors  may  also  be  wanting.  In  the 
typical  Ruminants  incisors  and  canines  are  present  in  the  lower 
jaw  only. 


Glands  of  the  Mouth. 

The  glands  of  the  mouth,  like  those  of  the  orbit  and  integu- 
ment, appear  first  in  terrestrial  Vertebrates,  that  is,  from  Amphi- 
bians onwards.  They  have  the  function  of  keeping  moist  the  mucous 
membrane  which  comes  into  contact  with  the  outer  air.  From 
being  at  first  almost  entirely  unspecialised,  and  giving  rise  simply 
to  a slimy  fluid,  they  become  differentiated  later  into  structures  the 
secretions  of  which  take  on  a very  important  function  in  relation  to 
digestion  ; they  may  also,  as  in  the  case  of  poisonous  Snakes  and 
Lizards,  constitute  dangerous  weapons  of  offence. 

With  their  gradually  increasing  physiological  importance  a 

1 Homy  crushing  plates  are  also  present  in  the  Sirenia,  the  existing  forms  of 
which  possess  numei’ous  teeth,  while  the  extinct  Rhj'tina  Avas  toothless. 
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greater  morphological  complication  both  as  regards  number  and 
arrangement  takes  place.  Their  histological  character  also 
becomes  changed  in  such  a manner  that  the  most  varied  forms 
of  glands  may  be  recognised. 

Amphibians. — With  the  exception  of  the  Perennibranchiata 
Derotremata,  and  Gymnophiona,  a tubular  gland  becomes  developed 
in  all  Amphibia  from  the  anterior  portion  of  the  roof  of  the  mouth 
(comp.  Fig.  160),  the  main  mass  of  which  in  Urodeles  lies  in  the 
cavity  of  the  nasal  septum  or  premaxilla  (intermaxillary  or  inter- 
nasal gland).  In  Anura  its  position  is  more  anterior  than  in 
the  Urodela,  and  it  is  more  largely  develojoed  ; but  in  both  cases 
the  ducts  open  on  to  the  anterior  part  of  the  palate. 

In  Anura  there  is  a second  gland  {]pliaryngeal  gland)  present  in 
the  region  of  the  internal  nostrils,  the  secretion  of  which  passes 
partly  into  the  latter  and  partly  into  the  pharynx. 

Numerous  gland-tubes  are  also  present  in  the  tongue  of 
Amphibians,  and  in  the  Gymnophiona  oral  glands  are  abundant. 


Fio.  201. — The  Poison-Apparatus  of  the  Rattlesnake. 

-S’,  the  fibrou.s  poison-sac,  whicli  is  siUTounded  by  the  constrictor-muscle,  J\lc  at 
an  extension  of  the  latter  towards  the  lower  jaw  can  be  seen  ; (rc,  the 
duct  arising  from  the  poison-gland,  which  passes  into  the  poison-fang  at  f ; 
the  latter  is  embedded  in  a large  sac  of  the  mucous  membrane,  zf Km, 
masticatory  muscles,  some  of  which  are  seen  cut  through  at  * ; posterior  to 
this  the  cut  edge  of  the  scaly  integument  is  seen  ; N,  external  nostril;  A, 
eye  displaced  towards  the  antero-dorsal  aspect ; 2,  tongue  ; za,  aperture  of  the 
poison-fang. 


Reptiles.— The  mouth-glands  in  Reptilia  show  an  advance  on 
those  of  Amphibia  inasmuch  as  they  are  separated  into  groups. 
Thus  not  only  is  there  a palatine  gland,  homologous  with  the 
intermaxillary  gdand,  but  lingual  and  siMingual,  as  well  as  upper 
and  lower  lahial  glands  are  present.  Chameleons  and  Snakes 
are  distinguished  by  a remarkable  richness  in  glands,  which 
become  most  specialised  into  definite  groups  in  the  latter.  In 
poisonous  Snakes  the  poison-glaml  becomes  differentiated  from 
a portion  of  the  upper  labial  gland.  It  is  enclosed  in  a strono- 
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fibrous  slieatb,  and  is  acted  uiDon  by  powerful  muscles,  so  that  its 
secretion  can  be  poured  with  great  force  into  the  duct  (Fig.  201), 
and  thence  into  the  poison-fting  (p.  243). 

The  sublingual  gland  of  a Mexican  Lizard,  Heloderma,  has  a similar 
poisonous  nature.  The  secretion  passes  out  through  four  ducts,  which 
jjerforate  the  bones  of  the  lower  jaw  in  front  of  the  grooved  teeth  (p.  245). 

In  marine  Cheloniiins  and  Crocodiles  there  are  no  large  glands  united 
into  groups  comiected  with  the  mouth. 

Birds. — In  Birds,  and  more  especially  in  climbing  Birds 
(Scansores),  a well-developed  lingual  gland  is  present  opening  on 
the  floor  of  the  mouth,  as  well  as  a gland  at  the  angle  of  the 
lattex’.  There  is  no  doubt  that  the  lingual  glands  are  homologous 
with  those  of  Lizards,  but  it  is  not  known  whether  the  gland  at  the 
angle  of  the  mouth  corresponds  Avith  the  posterior  upper  labial 
gland  of  Reptiles — that  is  to  the  poison-gland  of  Snakes.  The 
palatine  glamlsof  Birds  are  not  homologous  Avith  those  of  Reptiles 
and  labial  glands  are  Avanting. 

Mammals. — Three  sets  of  salivary  glands  may  be  distin- 
guished in  connection  Avith  the  mouth  in  Mammals,  Avhich  are 
called,  according  to  their  position,  (1)  'parotid,  (2)  suhmaxillary , 
and  (3)  suhlingual.  Each  of  the  tAVO  former  of  these  opens  into 
the  mouth  by  a Avell-defiued.duct,  that  of  the  sublingual  liaA’ing 
several  independent  ducts.  A special  retrolingual  portion  usually 
becomes  differentiated  from  the  sublingual  gland  and  commu- 
nicates Avith  the  subinaxillary  duct. 

The  parotid  is  usually  situated  at  the  base  of  the  external 
ear  : its  origin  is  not  knoAvn.  The  subinaxillary  is  a compound 
gland,  consisting  of  glandular  elements  Avhich  differ  from  one 
another  histologically  : it  lies  beneath  the  mylohyoid  muscle,  close 
to  Avhicli  the  retrolingual  gland  is  also  situated ; the  latter  is 
Avanting  in  only  a feAv  Mammals  {c-g..  Rabbit,  Horse),  ihe  sub- 
lingual gland  extends  between  the  tongue  and  the  alveoli  of  the 
teeth,  and  is  rarely  absent  {e.g.,  Mouse,  Mole). 

With  the  exception  of  the  pai’otid,  all  these  glands,  together 
Avith  certain  smaller  and  less  important  ones,  ai’e  homologous  Avith 
the  oral  Mands  of  loAver  Vertebrates. 

O 

Salivary  glands  are  wanting  in  the  Cetacea. 


Tongue. 

Fishes. — The  tongue  is,  as  a rule,  rudimentary  in  Fishes,  and 
is  simply  represented  by  a fold  of  mucous  membrane  covering  the 
basi-hyoid,  Avhich  in  all  the  higher  Vertebrates  serves  as  a point  of 
origin  for  many  of  the  lingual  muscles.  Except  in  Cyclostomes 
Avhere  it  has  to  do  Avith  the  suctorial  apparatus,  the  tongue  of 
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Fishes  is  not  capable  of  movement  apart  fromi  the  visceral 
skeleton,  and  is  wanting  in  a proper  musculature.  It  is  provided 
Avith  papillae  and  serves  only  as  a tactile  organ,  or,  Avhen  provided 
Avith  teeth  {c.g.,  certain  Teleostei,  Fig.  GO),  as  a prehensile  organ 
also. 


In  Dipnoans  the  tongue  is  not  more  highly  differentiated 
than  in  many  Fishes. 

Amphibians. — In  the  Perennibranchiata  {e.g.,  Proteus)  there 
is  a little  advance  on  the  condition  seen  in  Fishes,  but  in  all  other 
Amphibia  excejff  the  Aglossa  (Pipa  and  Xenoj)usX  in  Avhich  it  has 
become  degenerated,  the  tongue  reaches  a higher  stage,  OAving  to 
the  development  of  definite  muscles  Avhich  render  an  independent 
movement  of  the  organ  possible, 
as  Avell  as  of  glands.  The  tongue, 
moreover,  is  relatively  larger, 
and  the  numerous  pajjillae  render 
the  surface  velvet-like.  Its 
mobility  varies  greatly  in  the 
different  forms.  It  is  usually 
attached  only  by  the  anterior 
end  or  by  a portion  of  its  ventral 
surface  (Fig.  202) : in  other  cases 
it  is  free  all  round,  and  ’in 
Spelerpes  (Fig.  203)  is  capable 
of  being  extended  far  out  of  the 
mouth  by  means  of  a complicated  mechanism,  similar  to  that 
Avhich  occurs  in  the  Chameleon  amongst  Reptiles. 


Fig.  202. — Figure  showing  the  Tongue 
OF  THE  Frog  in  Three  Different 
Positions. 


Fig.  203. — Head  of  Si^elerpes  fusctiH,  with  the  Tongue  Extended. 

Reptiles. — -In  most  Reptiles  the  tongue  is  usually  freely 
moveable,  but  its  form  and  relative  size  varies  greatly  ^ (Fig. 
204,  A to  e).  It  is  provided  Avith  numerous  sensory  organs, 
but  no  glands  are  present  in  the  tongue  itself.  It  is  least  mobile 
in  Chelonians  and  Crocodiles : in  Snakes  and  many  Lizards  it  is 
forked  at  the  apex,  and  in  the  Chameleon  it  is  protrusible,  as  in 
Spelerpes. 

Birds. — The  tongue  of  Birds  is  usually  poorly  provided  with 
muscles.  It  possesses  a horny  covering,  usually  provided  Avith 
papillae  and  pointed,  recurved  processes;  it  may,  as  in  many 

* T'lus  in  Lizards  the  tongue  is  used  for  classificatory  purposes  ( Vcrmiliivnna, 
Lramhufjnia,  Brevilinguiu,  FisHilingiiia). 
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Fio.  204. — A,  Tongue,  Hyoid  Appakatus,  and  Bronchi  op  a Gecko  (Phylo- 
(lactylus  europcvm) ; B,  ''J’ongue  op  Laccrta ; C,  of  Monitor  indicun ; ]^,  op 
Amys  euro2M'a ; E,  of  an  Alligator. 

tongue  ; ZJC,  body  of  liyoid  ; VH  and  HH,  anterior  and  posterior  cornua  of 
liyoid  ; K,  larynx  ; Th,  thyroid  ; T,  trachea  ; B,  bi'onchi  ; Ly,  lung ; M, 
mandible  ; L,  glottis  ; ZS,  sheath  of  tongue. 
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Reptiles,  be  sijlit  up  at  its  distal  end,  being  either  bifurcated 
(Trocbilidoe)  or  having  a brush-like  form.  In  Woodpeckers  (the 
extraordinarily  developed  epibranchials  of  which  have  already  been 
mentioned  in  the  chapter  on  the  skull),  the  tongue  may  be  thrown 
far  out  from  the  mouth  by  means  of  a complicated  system  of 
muscles,  and  it  thus  serves  as  a prehensile  organ. 

Tlie  tongue  i.s  largest  in  predatory  Birds  (Rapaces)  and  Parrots,  but  its 
size  is  here  not  due  so  much  to  the  special  develoiDment  of  muscles  as  to  the 
jn'esence  of  fat,  vessels,  and  glands. 

Mammals. — The  tongue  reaches  its  most  complete  morpho- 
logical and  physiological  development  in  Mammals,  and,  as  else- 
where, undergoes  the  most  various  modifications  in  form.  It  is 
as  a rule  flat,  band-like,  rounded  anteriorly,  and  extensile.  In- 
trinsic as  well  as  extrinsic  muscles  are  well  developed.  A fold, 
the  so-called  mblingiut  (plica  fimbriata),  is  present  on  the  lower 
surface  of  the  tongue,  and  is  especially  well  marked  in 
Lemurs ; in  the  Slender  Loris  (Stenops)  it  is  supported  by  carti- 
lage. This  probably  corresponds  to  the  last  vestige  of  the^tongue 
of  lower  Vertebrates  which  has  been  replaced  by  the  more  highly- 
developed  organ  characteristic  of  Mammals.  The  latter  has*pro- 
bably  arisen  from  the  posterior  part  of  the  degenerated  sublingua. 


Thyboid. 

The  thyroid  arises  primarily  as  a median  ventral  diverticulum 
of  the  pharynx  in  the  region  of  the  first  four  or  five  visceral  clefts, 
and  in  the  course  of  development  may  become  subdivided  into  two 
lobes.  In  addition  to  this  unpaired  diverticulum,  paired  portions, 
situated  more  posteriorly,  are  developed  in  Mammals. 

_ In  the  Ammocoete  the  single  diverticulum,  which  is  lined  by  a 
ciliated  epithelium,  opens  into  the  pharynx  between  the  third  and 
fourth  clefts  (Fig.  221),  but  in  the  adult  Petromyzon  the  organ, 
as  in  all  Vertebrates,  loses  its  connection  with  the  pharynx,  under- 
goes a modification,  and  gives  rise  to  numerous  closed  glandular 
vesicles  enclosing  an  albuminous  substance. 

In  Elasmobranchs  the  thyroid  is  unpaired  and  lies  beneath  the 
mandibular  symphysis;  in  adult  Teleosts  it  is  paired,  and  is 
situated  in  the  region  of  the  first  branchial  arch.  In  Dipnoans  it 
lies  anteriorly  to  the  muscles  of  the  visceral  skeleton  and  shows  an 
indication  of  a division  into  right  and  left  lobes. 

In  the  Urodela  and  Anura  the  thyroid  gives  rise  to  numerous 
vesicles  situated  close  to  the  anterior  end  of  the  pericardium, 
posteriorly  to  the  second  ceratobranchials  in  the  former  and  on  the 
ventral  side  of  the  posterior  cornua  of  the  hyoid  in  the  latter. 

In  Lizards  it  is  usually  situated  close  to  the  trachea  (Fio- 
-04,  A),  and  in  Chelonians  and  Crocodiles  it  often  iiossesses  rio-ht 
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and  left  lobes  lying  on  the  great  vessels  just  after  they  leave  the 
heart.  In  Birds  (Fig.  205)  the  organ  is  paired,  and  lies  close  to 
the  origin  of  the  carotid  arteries. 

o 


The  th}^roid  of  Mammals  consists  of  two  lobes  often  connected 

by  a median  isthmus,  situated  on 
the  ventral  side  of  the  larynx  and 
trachea  (Fig.  190). 

It  appears  probable  that  the 
thyroid  represents  a very  ancient 
glandular  organ,  the  secretory  func- 
tion of  which  in  relation  to  the 
alimentary  canal  was  of  great  im- 
portance in  the  ancestors  of  Verte- 
brates. In  existing  forms  it  has 
undergone  a change  of  function,  and 
thus  instead  of  disappearing,  remains 
as  an  important  organ  in  the  adult : 
in  ^lainmals  especially  it  is  charac- 
terised by  a great  richness  in  blood- 
vessels. What  this  function  is,  is  not 
thoroughly  understood,  but  it  has 
been  shown  that  its  albuminous 
secretion  contains  iodine,  and  is 
passed  into  the  blood-  and  lymph- 
vessels  ; and  that  extirpation  of  the 
organ,  is  followed  by  various  distur- 
bances of  the  mental  and  organic 
functions. 


Tlie  structure  known  as  the  “carotid 
gland  ” in  Mannnals,  which  is  situated  at 
the  bifurcation  of  the  common  carotid  into 
external  and  internal  carotids,  has  not,  as 
was  formerly  supposed,  anything  to  do  with 
the  thju’oid  or  thymus.  It  is  abundantly 
provided  with  nerve-cells. 


Thymus. 


.i’lo.  205. — Thymus  and  Tiiyeoid 
OF  A Younu  Stoek. 

V,  trachea  ; B,  bronchi ; Oe,  o?so- 
phagus ; JI,  lieart;  Tm,  thymus ; 
Tr,  thyroid. 


The  thymus  has  always  a paired 
origin,  and  in  the  adult  consists  of 
lymphoid  tissue.  In  Elasmobranchs 
it  arises  on  either  side  from  the  epi- 
thelium lining  the  upper  part  of 
the  first  five  gill-clefts,  close  to  the 
ganglia  of  the  ninth  and  tenth  cere- 
bral nerves,  as  well  as  in  the  neigh- 
bourhood of  the  spiracle.  The  func- 
tion of  this  organ,  though  doubtless 
averyimportant  one,is  not  understood. 
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In  Fishes  and  Dipnoans  the  thymus  is  more  or  less  subdivided,, 
and  is  situated  dorsally  to  the  gill-arches.  In  Amphibians  it 
lies  behind  and  above  the  articulation  of  the  lower  jaw,  and  in 
Reptiles  in  the  neighbourhood  of  the  carotid  artery,  either  close  in 
front  of  the  heart  {e.g.,  Snakes)  or  more  anteriorly.  In  Birds,  as 
in  young  Crocodiles,  it  is  elongated  and  more  or  less  lohed, 
extending  all  along  the  neck  (Fig.  205).  In  Mammals  the  greater 
part  of  the  thymus  is  situated  in  the  thorax,  between  the  sternum 
and  heart,  only  a small  portion  extending  into  the  neck.  It  is 
largest  in  young  animals,  and  usually  becomes  more  or  less 
completely  degenerated  subsequently. 


ESOPHAGUS,  STOMACH,  AND  INTESTINE. 

Ichthyopsida. — The  oesophagus  is  short,  and  usually  not 
distinctly  marked  off  from  the  stomach,  though  exceptions  to  this 
rule  often  occur  {e.g.,  many  Teleostei,  Siren  lacertina  Fig.  210,  A). 

The  stomach  is  often  defined  as  a widened  section  of  the 
enteric  canal  situated  between  the  posterior  end  of  the  gullet 
and  the  entrance  of  the  hile  duct.  Such  a dilatation  cannot 
accurately  he  spoken  of  as  a stomach  unless  its  epithelium 
possesses  specific  characteristics  and  gives  rise  to  gastric  glands 
(p.  267) ; in  this  sense  a stomach  is  wanting  in  Amphioxus,  Cyclo- 
stomi,  Holocephali,  certain  Teleostei  {e.g.,  Cyprinidse,  certain 
Labridse,  Gobiida),  Bleniidoe,  Syngnathus  acus,  Cobitis  fossilis),. 
and  Dipnoi  (Fig.  209).  Whether  this  is  a primitive  character  in 
these  forms  or  is  due  to  degeneration  is  uncertain. 

In  other  Fishes  (Elasmobranchs,  Ganoids,  numerous  Teleosts), 
as  well  as  in  all  Amphibians,  a true  stomach  is  present,  and  is 
usually  externally  recognisable  as  a more  or  less  dilated  sac;  it 
may  be  curved  on  itself,  so  as  to  form  a U-shaped  loop,  the  two 
(cardiac  and  pyloric)  limbs  of  which  lie  parallel  to  one  another  (Fig. 
200).  In  general,  its  form  is  adapted  to  that  of  the  body:  thus 
Rays  and  Anurans  possess  a far  wider  stomach  than  do  most 
other  Fishes  and  Amphibians  (comp.  Figs.  206 — 210),  and  this  rule 
holds  good  also  for  Reptiles.  The  stomach  of  Teleosts  varies  con- 
siderably in  form.^ 

The  intestine  may  be  straight  or  nearly  straight,  or  may  be 
more  or  less  coiled,  and  in  the  former  case  a spiral  fold  or  valve 
may  be  developed  in  Fishes,  to  increase  the  absorptive  surface. 

In  the  Lamprey  a longitudinal  fold  or  typhlosole,  taking  a slightly 
spiral  course,  extends  into  the  lumen  of  the  intestine.  In  Elasmo- 

’ In  numcrou.s  'I'elcosts  {e.,7.,  Tinea  viiIgarLs,  Cobitis  fossilis)  outer  longi- 
tudinal and  inner  circular  nlriaUid  fibres  are  present  in  both  stomach  and  intestiiie 
externally  to  the  unstriated  nuiscidar  coat.  Tliey  grow  backwards  from  the 
eesophagus. 
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branchs,  Ganoids,  and  Dipnoans,  the  fold 
and  forms  a well-marked  spiral  valve,  the 
turns  of  Avhich  may  lie  so  close  together 
as  to  almost  fill  the  cavity  of  the  intestine 
(Figs.  206,  207,  209).  In  the  Ganoids  it 
begins  to  undergo  degeneration  ; thus  in 
Lepidosteus  (Fig.  207)  it  is  only  present 
in  the  hinder  part  of  the  intestine. 
Traces  of  a sjnral  valve  can  even  be  re- 
cognised amongst  the  Teleostei  (Cheiro- 
centrus  and  possibly  certain  Salmonidse). 

Pyloric  cccca  are  met  with  in  Ganoids 
and  numerous  Teleosts,  and  consist  of 
longer  or  shorter  finger-shaped  proce.sses 
of  the  small  intestine,  situated  posteriorly 
to  the  pylorus  in  the  region  of  the  bile- 
duct  (Figs.  207  and  208).  Their  number 
varies  from  I (Polypterus  and  Ammo- 
dytes)  to  191  (Scomber  scomber).  The 
pyloric  caeca  and  spiral  valve  seem  to  have 
a similar  function,  and,  as  a general  rule, 
to  be  developed  in  inverse  proportion  to 
one  another. 

In  the  narrow-bodied  Gymnophiona 
the  intestine  is  only  slightly  coiled,  while 
in  Anura  it  becomes  considerably  folded 
on  itself:  its  form  in  Salamanders  is  about 
mid-w'ay  between  these  two  extremes. 

In  the  Cyclostomi,  Holocephali, 
Ganoidei,  and  most  Teleostei,  there  is 
a separate  anus;  in  all  other  Fishes  as 
well  as  in  the  Dipnoi  and  Amphibia  the 
large  intestine  opens  into  a cloaca  common 
to  it  and  to  the  urinogenital  ducts.  The 
large  intestine  (rectum)  is  comparatively 
.short  and  takes  a straight  course;  in 
Amphibians,  as  well  as  to  some  extent 
in  certain  Ganoids  and  Teleosts,  it  is 
plainly  marked  off  from  the  small 
intestine,  and  between  the  two  there  is 
often  a circular  valve.  In  some  cases 
the  rectum  is  considerably  swollen  and 
may  even  exceed  the  stomach  in  cap- 
acity (Fig.  210,  B).  An  outgrowth  of 
the  ventral  wall  of  the  cloaca  in  Am- 
phibia gives  rise  to  the  urinary  hladder, 
and  represents  the  allantois  (p.  9)  of 
higher  forms. 
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Iiu.  2U7. — Alimentary  Vis- 
cera AND  Air-Bladder  of 
nepidofitmis,  in  situ.  (After 
Balfour  and  I’arker. ) 

«,  anus  ; a.h,  air-bladder  ; 
n.b',  its  aperture  into  the 
throat;  b.d^,  aperture  of 
bile-duct  into  intestine  ; c, 
pyloric  cieca ; <j.b,  gall- 

bladdei' ; hji.d,  liepatic 
duct  ; If,  liver  ;yn/,  pyloric 
valve ; s,  spleen  ; sp.  r,  sjiiral 
valve  ; st,  stomach. 


Fk;.  2U8.  Fi(!.  ‘20!). 

Fir;.  208. — ALiMENTAiiY  Canal  of  Perch. 

Oc,  uisojihagus  ; M,  stomacli  ; t,  citcal  process  of  latter;  — P,  short  pyloric 

region  ; pyloric  casca  ; small  intestine  ; ED,  rectum  ; A,  anus. 

Fi(f.  201). — Alimentary  Canal  and  Appendaoe,s  of  Proloi'tterus  annectevx. 

(After  W.  N.  Parker.) 

m.sophagus  ; st,  “stomach”;  pyloric  valve;  h.enl,  hursa  cntiana 

(anterior  portion  of  intestine)  ; np.v,  spiral  valve  ; re,  rectum  ; d,  cloaca  ; 
c/.c,  cloacal  ciccum  ; v,  vent;  a.p,  abdominal  pore;  ood,  base  of  oviduct; 
h.d,  base  of  kidney  duct;  (r,  liver;  ij.h,  gall-bladder;  k.d,  hepatic  ducts; 
ry.d,  cystic  duct;  h.d,  common  bile  duct,  and  h.d^,  its  aperture  into  the 
intestine  ; c.m.a,  cadiaco- mesenteric  artery  ; vi.a-,  m.a'\  mesenteric  arteries  ; 
h.ji.v,  hepatic  portal  vein  ; sp,  spleen.  Tlie  pancreas  is  not  seeji,  as  it  is 
embeddeil  in  the  M’alls  of  the  “stomach”  and  anterior  part  of  tlic  intestine 
on  the  dorsal  and  right  side. 
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Fk;.  210a.  Fia.  210c. 

Fk;.  210a. — Aumkntaky  Canal  of  Sire,n  laceriina. 

uj.sophagus,  marked  off  from  the  Rtomach  (M)  hy  a constriction,  t ; P,  pyloric 
region  ; MD,  small  intestine  ; ED,  large  intestine. 

Fu;.  21015. — Alimentary  Canal  of  liana  eumlenta. 


De,  (esophagus  ; J/,  stomach  ; Pi/,  pyloric  region  ; Du,  duodenum  ; D,  ileum  ; t, 
houndary  between  the  latter  and  the  large  intestine  {R) ; A,  opening  of  tlip 
rectum  into. the  cloaea  (Cl) ; Hb,  urinary  bladder  ; Mz,  spleen. 


In  Elasmobranclts  a finger-shaped  rectal  gland  {procesms  digiti- 
forniis)  opens  into  the  anterior  part  of  the  rectum,  and  this  perhaps 
•corresponds  to  the  csecum  of  higher  forms  (see  pp.  262,  266).  Traces 
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of  a caecum  are  seen  in  certain  Teleosts.  In  the  Dipnoi  a cloaca! 
caecum  is  present  (Fig,  209). 

In  all  Fishes  in  which  a cloaca  is  absent  (p.  259)  the  anus  is 
anterior  to  the  urinogenital  aperture. 


Reptiles. — In  coi’resjDondence  with  the  more  definitely  differen- 
tiated neck,  the  oesophagus  of  Reptiles  is  relatively  longer  than  in 
the  animals  as  yet  considered ; it  is  always  jDlainly  marked  off 
from  the  much  wider  stomach,  which  is  usually  sac-like,  or  bent 
upon  itself,  in  Avhich  latter  case  it  lies  transversely  (Chelonians).’ 
As  regards  external  form,  the  stomach  of  Crocodiles  is  more 
sjDecialised  than  that  of  other  Reptiles,  approaching  that  of  Birds. 

Snakes,  Snake-like  Lizards,  and  Amphisboenians  possess  a 
naiTow,  spindle-shaped  stomach,  whicli  lies  in  the  long  axis  of  the 
body ; in  correspondence  with  the  large  size  of  the  masses  of  food, 
which  are  swallowed  whole,  it  is  capable  of  great  distension.  In 
these  the  intestine  is  only  slightly  coiled : in  Lizards  the  coils 
are  more  marked,  and  in  the  other  forms,  with  broad  bodies,  the 
folding  is  carried  still  further. 

The  large  intestine  has  a straight  course,  is  often  considerably 
swollen,  and  opens  into  a cloaca.  It  may  (e.y.,  certain  Chelonians) 
be  as  long  as  the  small  intestine  and  be  bent  on  itself.  An  account 
of  the  urinary  (allantoic)  bladder  jmesent  in  many  Reptiles  will  be 
found  in  a subsequent  chapter. 

From  the  Reptilia  onwards  a blind -gut  or  ccccuin  is  usually 
formed  at  the  anterior  portion  of  the  large  intestine : it  is 
generally  asymmetrical. 

Birds. — In  correspondence  with  the  kind  of  nutriment,  the 
mode  of  life,  and  the  absence  of  teeth,  certain  modifications  of  the 
oesophagus  and  stomach  occur  in  Birds.  In  graminivorous  Birds  and 
Birds  of  Prey  either  the  whole  gullet  forms  a dilated  sac  or  else  it 
gives  rise  to  a ventral  outgrowth ; in  both  cases  the  enlargement 
is  known  as  the  cro]}  {ingluvies)  (Fig.  211).  This  serves  as  a food 
reservoir,  and  in  some  cases  its  walls  are  glandular. 

The  stomach,  instead  of  remaining  simple,  generally  becomes 
divided  externally  into  two  portions,  an  anterior  and  a posterior 
(Fig.  211).  The  former,  which  on  account  of  its  richness  in  glands 
is  called  the  glandular  stomach  (proventricuhes),  alone  takes  part 
in  dissolving  the  food ; while  the  latter,  which  is  lined  by  a horny 
layer  consisting  of  a hardened  glandular  secretion,  has  simply  a 
mechanical  function,  in  correlation  with  which  a peculiar  and  very 
thick  muscular  wall  provided  with  two  tedinous  discs  is  developed. 
The  degi'ee  of  development  of  this  muscular  stomach,  or  gizzard, 
stands  in  direct  proportion  to  the  consistency  of  the  food.  In 

’ The  cesophagu.s  of  marine  Chelonians,  'like  that  of  many  liinls,  is  lined  by 
horny  papilhe. 


CESOPHAGUS,  STOMACH,  AND  INTESTINE  263 


gTaininivorous  Birds  wg  find  tliG  strongGst  niiiscular  layGr  and  thG 
tbickGst  horny  lining,  whilG  in  thG  SGriGS  of  insGctivorous  Birds,  up 
to  tliG  Birds  of  Proy,  this  condition  bocornGS  gradually  loss  marlcGd, 
and  tliG  division  of  labour  is  loss  noticGablo. 

Thus  in  tho  sorios  of  Gxisting  Birds  wg  can 
tracG  the  course  of  the  phylogenetic  differ- 
entiation of  the  organ. 

The  small  intestine  is  usually  of  consider- 
able length  and  becomes  folded  on  itself  to 
a greater  or  less  degree  ; it  varies,  however, 
both  in  form,  length,  and  diameter. 

The  straight  large  intestine  opens  into  a 
cloaca,  and  varies  as  to  its  relative  diameter. 

The  caecum  is  usually  paired,  and  may  reach 
a relatively  enormous  length  (Lamellirostres, 

Easores,  Eatitae).  All  kinds  of  intermediate 
stages  between  this  and  an  entire  absence 
of  a caecum  are  to  be  met  with.  When 
the  caecum  is  largely  developed,  it  has 
an  important  relation  to  digestion,  as  an 
increase  of  surface  of  the  mucous  membrane 
is  thus  effected ; this  increase  may  even  be 
carried  further  by  each  caecum  being  provided 
with  a spiral  fold  consisting  of  numerous 
turns,  as  in  the  Ostrich. 

The  so-called  lursa  Fahricii  is  a structure 
peculiar  to  Birds,  and  arises  as  a small, 
solid,  epithelial  outgrowth  from  the  ectoder- 
mal portion  of  the  cloaca,  later  becoming 
excavated  to  form  a vesicle.  It  is  situated 
in  the  pelvic  cavity  between  the  vertebral 
column  and  the  posterior  portion  of  the  intestine,  and  extends  to 
the  outer  section  of  the  cloaca,  into  which  it  opens  posteriorly  to 
the  urinogenital  ducts.  It  is  probably  present  in  all  Birds,  but 
becomes  atrophied  more  or  less  completely  in  the  adult ; its  physio- 
logical function  is  quite  unknown. 


Fig.  211. -Diagram  of 
THE  (Esophagus 
AND  Stomach  of  a 
Bird. 

Oe,  Oe\  oesophagus ; 
Ig,  crop  ; DM,  glan- 
dular stomach;  MM, 
riiuscular  stomach  ; 
MD,  duodenum. 


Mammals. — The  oesophagus,  like  that  of  Birds,  is  shaiqjly 
marked  off  from  the  stomach,  and  its  muscles  consist  to  a greater 
or  less  extent  of  striated  fibres  : in  Euminants  the  latter  extend  as 
far  as  the  stomach. 

The  stomach  undergoes  much  more  numerous  modifications 
than  are  met  with  in  any  other  Vertebrate  Class.  As  a rule  it 
takes  a more  or  less  transverse  position  and  has  a sac-like  form, 
the  cardiac  portion,  into  which  the  oesophagus,  opens,  being  usually 
more  swollen  and  having  thinner  walls  than  the  pyloric  portion 
which  communicates  with  the  duodenum. 

According  to  the  definition  given  on  p.  257,  a true  stomach  is 
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212. — Diagrams  of  the  Stomach  in  Various  Mammals  showing  the 
Different  Regions.  (After  Ojipel.) 

A,  Ornithorhynchus  anatinus  ; B,  Kangaroo  (Dorropnis  liictiiom) ; C,  Toothed 
Whale  (Ziphius)  •,  D,  Porpoise;  E,  Horse;  F,  Pig;  G,  Hare;  H,  Ham- 
ster (Cricetus  frmmntariux). 

(The  oisophageal  region  (lined  by  stratified  epitlielinm)  i.s  indicated  by  transv'ersc 
lines  ;■  the  region  of  the  cardiac  glands  by  obliipie  lines  ; that  of  the  fundus 
glands  by  dots,  and  that  of  the  pyloric  glands  by  crosses. ) 

Ocs,  (Esophagus  ; P,  pylorus  ; ]J,  duo(lcnuni  ; 1 — 7F(in  D),  the  four  chambers  of 
the  stomach  ; I (in  Bj,  lymphoid  tissue  ; x...x  (in  B),  boundary  line  between 
the  (Esophageal  and  carcliac  regions  ; f (in  H),  fold  bounding  the  (ESo])hageal 
region. 
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wanting  in  Monotremes  (Fig.  212,  A):  although  the  organ  is 
represented  by  a wide  sac,  it  is  entirely  wanting  in  glands,  and  is 
lined  throughout  by  a stratified  epithelium.  This  remarkable 
condition  is  doubtless  due  to  degeneration.  Amongst  Edentates, 
a similar  peculiarity  is  seen  in  Manis  javanica — in  which,  however, 
the  glands  are  retained  in  a sac-like  outgrowth  from  the  greater 
curvature,  and  in  Sloths — in  which  the  glands  are  more  numerous. 

In  herbivorous  Mammals  the  stomach  is,  as  a rule,  relatively 
larger  and  more  complicated  than  in  carnivorous  Mammals 


Fig.  213.— Stojiacii  of  Sueei*.  (From  Oppel.  After  Gurus  and  Otto. ) 

n,  (esophagus ; h.  c,  d,  the  three  subdivisions  of  the  paunch,  marked  off  from  one 
another  by  the  folds  e and/;  fj,  reticulum  ; A,  oisophageal  groove  ; i,  psalte- 
riuin  ; k,  aperture  leading  from  the  psalterium  into  the  abomasum  (?,  m)  ; u, 
pyloric  valve  ; o,  duodenum. 


(Figs.  212  and  213),  and  it  may  become  divided  into  two  or  mare 
chambers.  In  some  Rodents  and  in  the  Horse  distinct  cardiac  and 
pyloric  chambers  can  be  recognised,  and  in  Ungulates  numerous 
intermediate  forms  between  a simple  and  an  exceedingly  complex 
.stomach,  such  as  occurs  in  the  typical  Ruminants,  are  to  be  met 
with.  In  the  latter  (Fig.  213)  the  stomach  is  divided  into  four 
chambers,  which  are  called  respectively  r^cmcn  {'pcmnck),  retimlum, 
ijscdteT'iuvi,  and  dbovicisuTH.  The  two  first,  which  mav  be  looked 
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upon  as  parts  of  one  and  the  same  chamber,  simply  serve  as  storage 
cavities,  the  food  returning  from  them  into  the  mouth,  once  more 
to  undergo  mastication.  It  then  passes  into  the  psalterium,  and 
finally  into  the  abomasum,  the  latter  alone  being  provided  with 
gastric  (rennet)  glands,  and  serving  as  the  true  digestive  stomach. 
The  psalterium  is  the  latest  to  be  differentiated  both  phylo-  and 
ontogenetically,  and  is  rudimentary  in  the  Tragulidse.  In  Camels 
the  rumen  gives  rise  to  two  masses  of  gland-containing  outgrowths, 
known  as  “ Avater-cells.”  In  the  Cetacea  (Fig.  212,  c and  d).  Hippo- 
potamus, and  Bradypus,  the  stomach  is  divided  into  several  chambers, 
and  various  other  modifications  in  form  and  structure  are  met  with 
amongst  Mammals.  Thus  in  the  Kangaroo,  for  instance  (Fig.  212, 
Ji),  the  Avails  of  the  stomach  are  curiously  folded. 

The  small  intestine  is  usually  long,  and  varies  more  as  to  rela- 
tive length  and  diameter  in  domesticated  than  in  Avild  forms. 

The  large  intestine,  which  is  made  up  of  a varying  number 
of  coils,  usually  reaches  a great  length,  and  its  diameter  is 
much  greater  than  that  of  the  small  intestine : these  tAvo  por- 
tions are  thus  sharply  marked  off  from  one  another,  and  the 
distinction  betAveen  them  is  rendered  still  more  marked  by  the 
sacculations  of  the  anterior  part  of  the  large  intestine.  Only  the 
posterior  portion  of  tlie  latter,  or  rectum,  which  passes  into  the 
pelvic  cavity,  corresponds  to  the  large  intestine  of  loAver  Verte- 
brates ; the  remaining  and  far  larger  part  occurs  only  in  Mammals, 
and  is  called  the  colon. 

The  caicum,  Avhich  is  almost  always  ]3resent,  undergoes  various 
modifications  both  as  to  form  and  size.  Thus  in  Edentates  (Manis, 
BradyjAus),  Carnivora,  Odontoceti,  Insectivora,  and  Cheiroptera, 
it  is  very  small  or  even  entirely  wanting,  Avhile  in  Herbivora 
it  ma}^  exceed  the  Avhole  body  in  length.  An  inverse  development 
in  size  is  usually  noticeable  between  it  and  the  rest  of  the  large 
intestine.  In  many  cases  (many  Rodents,  Monkeys,  and  Man)  an 
arrest  of  a portion  of  the  ca3cum  takes  place  in  the  course  of 
individual  develoimient,  so  that  little  more  than  the  distal  end 
{processus  vermiformis)  remains  (Fig.  190).  In  Lepus  the  enor- 
mous csecum  is  provided  Avith  a spiral  valve  ; and  in  Hyrax,  besides 
a large  sacculated  C£Bcum  at  the  junction  of  the  small  and  large 
intestines,  there  is  a pair  of  large,  simple,  conical  caeca  further  back. 

Monotremes  only  amongst  Mammals  possess  a distinct  cloaca, 
though  in  Marsupials  and  some  Rodents  the  anal  and  urinogenital 
apertures  are  surrounded  by  a common  sphincter.  In  other 
Mammals  these  apertures  become  completely  sej)arated  from  one 
another. 


HISTOLOGY  OF  THE  MUCOUS  MEMBRANE 


' HISTOLOGY  OF  THE  MUCOUS  MEMBRANE  OF  THE  ALIMENTARY 

CANAL. 

The  epithelium  lining  the  alimentary  canal  of  Vertebrates — with 
the  exception  of  that  of  the  mouth  and  cloaca,  which  is  usually 
I stratified — consists  primitively,  that  is,  phy  logenetically,  of  amoeboid 
{ or  cilated  cells.  In  some  cases  this  is  also  true  ontogenetically,  and 
i in  Amphioxus  and  Protopterus,  for  instance,  the  ciliated  epithelium 
[ persists  throughout  life,  and  in  the  Ammocoete  until  metamorphosis, 
i In  the  adult  Petromyzon,  as  well  as  in  many  Fishes  and  even  Amphi  - 
bians, ciliated  epithelium  occurs  constantly  only  in  certain  parts  of 
the  gut,  and  in  the  higher  Vertebrates  cilia  are  only  seen  excep- 
tionally after  the  embryonic  period,  so  that,  as  a rule,  only  ordinary 
columnar  epithelium  is  present.  A striated  margin  is  observable 
along  the  free  border  of  the  columnar  cells  (Fig.  214,  A,  B,  a) ; this 
is  probably  to  be  looked  upon  as  the  expression  of  the  earlier 
ciliated  covering,  and  in  some  lower  Vertebrates  {e.g.,  Proteus  and 
Salamander  larvae)  it  is  capable  of  an  active  amoeboid  movement 
(b,  h).  In  this  active  participation  of  the  cells  in  the  process  of 
absorption,  we  recognise  an  old  inheritance  from  primitive  Inver- 
tebrates {inlracellular  digestion) ; but,  at  the  same  time,  extra- 
cellular or  chemical  digestion  is  the  more  important  and  occurs 
exclusively  in  the  higher  types. 

i Numerous  lymph-cells  or  leucocytes  (p.  299)  are  present  in  great 
; numbers  in  the  connective-tissue  layer  of  the  mucous  membrane,^ 
and  often  form  definite  masses  or  follicles  {e.g.,  “ Peyer’s  patches  ”). 
In  some  cases  (e.y  , Protopterus),  the  development  of  this  lymphatic 
tissue  along  the  gut  is  relatively  enormous  (corap.  p.  334).  The 
; amoeboid  leucocytes  may  even  force  their  way  into  the  lumen  of 
the  intestine : a similar  migration  of  these  cells  occurs  in  all 
mucous  membranes  and  in  the  walls  of  many  vessels. 

In  Amphioxus,  Cyclostomi,  and  Dipnoi,  the  whole  of  the 
alimentary  epithelium  must  be  considered  as  secretoiy,  each 
individual  cell  acting  as  an  independent  gland.  In  Fishes,. 
Amphibians,  and  Reptiles,  a higher  stage  is  reached,  inasmuch 
as  groups  of  cells  in  the  stomach  gives  rise  to  tubular  glands  of  a 
simple  nature  (Fig.  214).^  A further  differentation  of  the  cells 
leads  to  the  condition  seen  in  the  gastric  glands  of  Mammals,  in 
which  the  cells  become  differentiated  into  chief  cells  and  parietal  cells. 

According  to  their  po.sition,  three  kinds  of  glands  can  be  dis- 
tinguished in  the  stomach  of  Mammals,  viz.,  cardiac,  fundus-,  and 
pyloric  glands.  The  fundus  glands  have  the  greatest  physiological 
importance  (comp.  Fig.  212). 

In  the  higher  Vertebrates,  more  especially  in  P)irds  and 
Mammals,  the  e2:>ithelium  of  the  intestine  also  gives  rise  to  tubular 

^ Even  in  Ganoids  and  'J’eleosts  the  cells  of  the  neck  and  fundus  of  each  gland 
are  said  to  he  different  in  character,  pepsin  being  formed  in  the  latter. 
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structures  known  as  the  crypts  or  glands  of  Lichco'hulm,  as  well  as 
to  acinous  mucous  glands.  Mucous-secreting  goblet  cells  are- 


Flli.  1314. — A,  .SEMIDI.VdKA.-UMATIC  TrANSVEK.SE  SECTION  OF  A PORTION  OF  THE 
W'ale  of  the  Intestine.  (Coinhinetl  from  the  condition  seen  in  both  lower 
and  higher  Vertebrates.)  B,  Epithelial  cells  of  the  intestine. 

/•*,  peritoneal  investment  of  the  gut ; M,  longitudinal  muscular  layer  ; AP,  circular 
muscular  layer  ; Z,  connective-tissue  layer;  S,  mucous  membrane,  which  is 
raised  to  form  villi  at  Zo.  (1’he  connective-tissue  layer  and  epithelium  are 
designedly  drawn  much  too  large  relatively  as  compared  with  the  outer 
coats.)  U,  G,  vessels,  the  larger  trunks  running  between  the  peritoneum 
and  the  muscular  layer  ; the  finer  vessels  branch  out  into  the  intermediate 
laj’er  ; these  surround  the  masses  of  lymph-cells,  LL,  as  well  as  the  glands, 
and  send  fine  loops  into  the  villi  (at  &'‘) ; DD,  apertures  of  the  glands  ; 
E,  E,  epithelial  cells  of  the  mucous  membrane,  with  their  striated  border, 
from  which  at  E'-  ammboid  processes  are  extruded  : in  Fig.  B,  a,  h,  tliese 
cells  are  drawn  to  a much  lai’ger  scale  {Sa,  striated  border)  ; Ly,  scat- 
tered lymph-cells  in  the  intermediate  layer  ; Z’,  L'\  lymph-cells  in  the  act  of 
]iassing  through  the  mucous  membrane ; at  L-,  several  have  already  passed 
into  the  alimentary  cavity  ; LL,  masses  of  lymph-cells  (solitary  follicles)  ; 
Lym,  lympli-vessels  in  the  villi. 


common  throughout  the  alimentary  epithelium  of  Vertebrates, 
[n  Monotremes,  as  already  mentioned  (p.  2G5),  gastric  glands  are 
absent,  but  the  intestinal  glands  are  highly  developed. 


LIVER 
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In  order  to  effect  an  increase  of  the  absorptive  surface,  longi- 
tudinal folds  of  the  mucous  membrane  are  formed,  and  a special 
development  of  such  a fold,  taking  a spiral  course,  may  result  in 
the  formation  of  a spiral  valve  (see  p.  257).  A further  advance  is 
seen  in  the  development  of  transverse  folds  between  the  longi- 
tudinal ones — these  are  already  seen  in  Elasmobranchs  and  many 
other  Fishes;  and  by  still  further  modifications,  crypts  of  varied 


Fui.  215.— Semidiaorammatic  Figures  of  the  Mucous  Membrane  of  the 
Intestine  of  Fishes,  showing  Intermediate  Forms  between  Longitu- 
dinal Folds  and  Round  Crypts. 


.-1 , Petioiiiyzon,  .showing  the  distinct  spiral  fold ; B,  an  Elsmohranch  C to  E, 

various  Teleosts. 


form  and  depth  are  produced,  into  which  open  the  microscopic 
glands,  tvhen  present  (comp.  Fig.  215). 

Finger-shaped  outgrowths  or  villi  of  the  mucous  membrane  of 
the  intestine  are  first  plainly  distinguishable  in  Amphibians  (espe- 
cially Anura)  and  are  especially  tvell  developed  in  Mammals. 
In  addition  to  these,  folds  of  varied  forms,  on  the  surface  of  which 
the  villi  may  be  situated,  occur  from  the  Amphibia  onwards  : as 
examples  may  be  mentioned  the  valvuli  conniventos  of  Mammals 
and  Birds. 


LIVEK. 


The  liver,  the  form  of  which  is  always  closely  adapted  to  that 
of  the  surroundiug  parts,  underlies  to  a greater  or  less  extent  the 
ventral  side  of  the  intestinal  tract,  and  is  present  in  all  the  Craniata. 
It  arises  as  an  outgrowth  from  the  endodermic  epithelium  of  the 
intestine  close  to  the  junction  of  the  latter  with  the  stomach. 

In  Amphioxus  a simple  sac-like  cascum  is  present  in  this 


r^, 


Du 


Fig.  216a. — Liver  uk  liana  esculenta.  (From  tlie  ventral  side. ) 

U,  L'^,  the  different  obes  of  tlie  liver  ; M,  stomacli ; Dii,  duodenum  ; 

II,  lieart. 


Fig.  216b. — Pancreas  and  Liver  of  Frog,  to  show  the  Arrangement  of 

THEIR  Duct.s. 

L,  U,  L^,  the  lobes  of  tlie  liver  turned  forwards ; G,  gall-bladder  ; Dnj,  cystic 
ducts,  which,  together  with  the  hepatic  ducts  (Dh),  form  a network  from 
which  three  collecting  ducts  arise,  and  these  unite  to  form  the  common  bile- 
duct  [Dc) : the  latter  passes  through  the  substance  of  the  pancreas  (P), 
receiving  further  hepatic  ducts  (I)h^),  and  the  pancreatic  ducts  (P^) ; at 
IJiI  it  becomes  free  from  the  pancreas,  and  passes  back  to  open  into  the 
duodenum  (P«)  a-t  ; L/yi,  duodeno-hepatic  omentum  ; M,  stomach;  Py, 
pylorus. 
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region  which  possibly  represents  the  rudiment  of  the  liver  (Fig.  219). 
In  Craniates  the  outgrowth  develops  into  a large  vascular  and 
oflandular  organ,  which  gives  rise  to  bile,  and  remains  in  communi- 
cation  with  the  intestine  by  means  of  one  or  more  Inle-ducts  ^ 


Oe 


Fi(!.  217.— VISCEK.\  OK  La.cQ.rta  arjilis.  (From  the  ventral  side.) 

Oc,  fKBophagus  ; M,  stomach  ; MD,  small  intestine  ; ED,  large  intestine  • L 
liver ; Gli,  gall-hladder  ; Pn,  pancreas ; Bt,  urinary  bladiler ; Ln 
the  two  lungs,  with  their  network  of  vessels  ; II,  heart ; Ci,  postcaval  fr 


(Figs.  206,  209,  and  216-218).  It  is  united  to  the  body- wall  by  a fold 
ot  the  peritoneum,  and  varies  considerably  in  the  number  of  its 
lobes  : in  Mammals  there  may  be  as  many  as  six  or  seven  {c.g.,  Doo-, 
Weasel).  We  may  nevertheless  fix  upon  a ground-form  consistimr 


The  smgle-lobed  liver  of  the  Lamprey  undergoes  a histological  retrogression 
(fatty  inetamoiphosis)  after  transformation.  'I’lie  tubuli  diwippear  the  cells 
become  filled  with  fat,  ami  the  gall-ldadder  and  bile-.luct  Iiecome  atrophied. 
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ot  two  lobes  as  the  primaiy  one  in  all  Vertebrates.  The  liver  of 
the  Anamnia  is  usually  relatively  larger  than  that  of  the  Amniota. 

ir  Caniivoi’ous  (fat-eating)  animals  generallj'-  possess  a larger  liver  than 
Herbivores. 

A gall-Uaddcr  is  very  commonly  present  partially  imbedded  in 
the  right  primary  lobe.  It  is  connected  with  the  system  of  hepatic 


1),  (luodemim  ; Vf,  gall-ldaihler  ; c and  h,  cystic  duct;  li,  hepatic  duct;  cli, 
common  bile-duct ; he,  hepalo-cysLic  duct ; he,  hepato-enteric  duct. 

dads  by  means  of  a cysUc  duct,  thus  forming  a comvwn  hite-duct 
which  opens  into  the  .interior  part  of  the  intestine  (duodenum). 
Some  of  the  cliief  variations  in  the  relative  arrangement  of  these 
ducts  are  shown  in  Fio-.  2LS. 

O 


The  ])ancreas  arises  from  the  proximal  portion  of  the  small  in- 
testine, near  the  liver,  in  the  form  of  several  (usually  two  dorsal 
and  one  ventral)  independent  endodermic  outgrowths : these  may 
become  fused  later,  or  certain  of  them  may  undergo  degeneration. 
Thus  in  the  adult  there  may  be  a single  duct,  or  several  inde- 
pendent ducts  opening  into  the  intestine  {e.g..  Birds,  Crocodiles, 
Emydce,  and  some  Mammals)  or  in  some  cases  into  the  bile-duct 
(Fig.  216,  b).  Varying  much  in  form  and  size,  the  pancreas  early 
gives  rise  to  a band-shaped  or  more  or  less  lobulated  organ,  usually 
lying  in  the  fold  of  the  duodenum.  In  some  cases  it  remains  em- 
bedded within  the  wall  of  the  gut  {e.g.,  Protopterus,^  Fig.  209),  and 
amongst  Teleosts  (in  which  Order  the  pancreas  was  formerly  sup- 
posed to  be  absent  in  the  adult)  it  may  be  surrounded  by  the  liver 
or  have  the  form  of  scattered  lobules  extending  throughout  the 
mesentery. 

1 In  Myxinoids  a lobular  gland  is  pre.senfc  in  a similar  relative  jiosition  to  the 
])ancreas  of  I’rotopterus  in  the  neighbourhood  of  the  bile-duct,  into  which  it 
opens  : this  j)robably  corresponds  to  a pancreas.  A dorsal  pancreas  is  also  de- 
veloped  in  tlie  einbi'yo  of  I’etromyzon,  and  a pancreas-like  organ  can  be  recognised 
in  tlic  adult.  The  iiancrcas  is  not  represented  in  Ainphio.vus. 


PANCHEA8. 


G.  ORGANS  OF  RESPIRATION. 


The  lespiratory  organs  of  VoT'tebrates  are  closely  connected  with 
the  alimentary  canal  hoth  as  regards  position  and  development  and 
are  of  two  kinds,  gills  and  lungs.i  The  former  are  phylogenetically 
the  older  organs,  and  are  adapted  for  aquatic  respiration  : they  are 
connected  with  the  pharynx  in  the  region  of  the  visceral  arches.  The 
latter  always  arise  as  sac-like  outgrowths  of  the  pharynx,  which 
grow  backwards  so  as  to  lie  within  the  body-cavity. 

Both  gills  and  lungs  may  be  developed  in  the  same  individual 
but  are  usually  not  functional  at  the  same  time.  They  are  sup- 
plied  with  venous  blood,  which  becomes  purified  while  passino- 
through  their  capillaries.  ^ ° 

The  air-Uadder  or  sioim-Uadder  present  in  many  Fishes  and 
acting  as  a hydrostatic  organ  (p.  280),  arises  in  a similar  manner  to 
the  lungs— that  is,  as  an  outgrowth  from  the  fore-part  of  the  ali- 
mentary tract : It  receives  arterial  blood  from  the  aorta,  and 
venous  blood  passes  from  it;  but  in  some  cases  {e.g..  Bony  Ganoids 
and  cl  few  Teleosts)  it  may  act  as  an  accessory  respiratory  organ. 


I.  GILLS. 

The  gills  arise  in  connection  with  a series  of  laterally-arranaed 
outgrowths  of  the  pharynx  lying  one  behind  the  other  ^which  be- 
come open  to  the  exterior.  Passages  or  clefts  are  thus  formed  for 
t^he  water  entering  by  tke  mouth,  and  in  order  that  oxyZ  mZ 
become  absorbed,  leaf-like  or  thread-like  vascular  processes  the 
gzlls  or  iranckue  become  developed  in  the  region  of  each  cleft 
The^  are  iniernal  or  ea;lerml,  according  to  their  position  ^ 

^Fishes  possess  gills  throughout  life;  amongst  Amphibians  this 

(e.,!,Tn"caaW  Ampidbia)  an<l  the  intestine 

* External  gills  persist  Si  hatcW^  ? respiration. 

Polypterus,  Calamoichthys,  Protopterus^  and  the^'A?  organs  only  in 

they  are  soon  replaced  by^^internal  ^ ‘ 
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is  only  the  case  in  the  Perennibranchiata : all  the  others  simply 
pass  through  a gilled  stage,  and  later  breathe  by  means  of 
lungs.  Thus  the  study  of  this  one  Order  furnishes  us  with  an 
excellent  repi’esentation  of  the  course  of  phylogenetic  development 
through  which  all  the  higher  Vertebrates  must  have  passed,  and 
which  is  still  indicated  in  them  by  the  appearance  in  the  embryo 
of  gill-clefts  and  gill-arches  Avith  a corresponding  arrangement  of 
the  blood-A^essels.  These  occur  throughout  the  entire  series  of 
the  Amniota  up  to  Man — that  is,  in  forms  in  which  they  are  no 
longer  concerned  in  respiration. 

Thus  rudiments  of  five  clefts  are  seen  in  the  embryos  of  most  Reptiles 
and  Birds,  and  of  four  in  Mammals  ; in  many  cases,  however,  they  do  not 
become  open  to  the  exterior.  Their  order  of  disappearance  is  from  behind 
forwards,  and  the  most  anterior  (hyoid)  cleft  persists  in  a modified  condition 
even  in  tlie  adult,  undergoing  a change  of  function  in  connection  with  the 
auditory  organ  (ji.  224).  Certain  of  the  anterior  arches  jiersist  in  a modified 
form  (p.  Gfi). 


Amphioxus. — The  numerous  (80 — 100,  or  more)  gill-clefts  of 
Amphioxus,  which  are  arranged  in  pairs  and  are  supported  by  elastic 
rods,  extend  backwards  nearly  to  the  middle  of  the  body.  At  first 
they  open  freely  to  the  exterior,  but  at  a later  period  of  develop- 
ment they  become  enclosed  in  an  ato'ial  or  peTibranchial  chanxb&Ty 
which  opens  by  a single  pore  situated  somewhat  behind  the  middle 
of  the  body  (for  details  compare  Fig.  219). 

The  relative  extent  of  the  branchial  apparatus  is  considerably 
limited  even  in  the  lowest  Craniata. 


Cyclostomes. — In  the  larval  Ammocoete  the  oesophagus  ia 
continued  directly  backwards  from  the  pharynx  (Fig.  220,  A),  and 
at  the  anterior  end  of  the  latter  there  is  a muscular  fold,  the  vehcm^ 
covered  by  the  mucous  membrane  (Fig.  221). 

The  seven  gill-sacs  provided  with  leaf-like  folds  of  mucous  mem- 
brane which  are  present  in  the  Ammocoete,  persist  in  Petromyzon ; 
but,  with  the  formation  of  a suctorial  mouth,  the  portion  of  the 
oesophagus  into  which  they  open  becomes  closed  posteriorly,  and 
the  oesophagus  apparently  grows  forwards  above  the  latter,’  and 
joins  the  mouth-cavity  at  the  velum.  Thus  two  canals  pass  back- 
wards from  the  mouth,  a ventral  branchial  or  respiratory  tiohe  and 
dorsal  oesophagus  (Fig.  220,  b). 

In  Petromyzon  and  Bdellostoma  ^ the  individual  branchial  sacs 
Avhich  communicate  directly  with  the  pharynx,  open  freely  to  the 
exterior  : in  Myxine  this  original  condition  becomes  modified  by  the 
outer  parts  of  the  gill-passages  growing  out  into  long  tubes,  which 
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unite  to  form  a common  duct  on  either  side ; this  opens  far  behind 
the  branchial  apparatus  on  the  ventral  side  of  the  body. 


— ; 


I'lG.  220. — Diagkam  of  a Lonoitudixai.  Suction  tiiroogh  the  Head  of 
THE  Larvae  (A)  and  aduet  (B)  Pelromyzon. 


ri,. 


Fig.  221. — Longitudinae  Section  through  the  Head  of  an  Ammocaite. 

V,  velum  ; J\  papillie  of  mucous  membrane  ; K,  K,  K,  three  anterior  gills  ; Th, 
thyroid  (hypobranchial  furrow) ; N,  nasal  sac ; *,  communication  be- 
tween the  ventricle  of  the  olfactory  lobe  and  that  of  the  prosencephalon  ; 
Ev,  epiphysis ; Jiif,  infundibulum ; HH,  metencephalon ; Ml,  medidla 
oblongata ; h,  c,  ventricles  of  the  mid-  and  hind-brain  ; o,  subdural  cavity  ; 
Ch,  notochord  ; E,  spinal  cord. 


Fishes. — From  the  Elasmobranchii  onwards,  the  gills  are  in 
close  relation  with  the  visceral  skeleton,  and  in  these  Fishes  they 
consist  of  closely-approximated  transverse  laminae  (Figs.  222  A,  223), 
Avhich  are  firmly  attached  to  both  sides  of  the  septa  which  separate 
the  individual  gill-sacs  from  one  another,  so  that  each  septum  bears  a 
half-gill,  or  hemihranch,  on  both  its  anterior  and  posterior  surface. 
A gill,  or  holohranch,  thus  consists  of  the  branchial  arch  jj/ws  the 
posterior  hemibranch  of  the  sac  in  front  of  it  and  the  anterior 
hernibranch  of  the  following  sac.  The  gill-sacs,  of  which  there  are 
commonly  five,^  open  separately  to  the  exterior,  and  a rudimentary 

^ There  are  six  in  Hexanchus  and  Chlamydoselache  and  seven  in  Heptanchus. 
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o-ill-cleft  known  as  the  spiracle  (p.  75),  is  as  a rule  present  more 
anteriorly,  between  the  mandibular  and  hyoid  arches.  In  the 
cephali,  however,  the  spiracle  becomes  reduced,  there  are  only  three 
holobranchs  in  addition  to  hemibranchs  on  the  hyoid  and  tourth 


Fk;.  222.— Dissection  of  the  hear!  from  the  ventral  side  of  A,  an  Elasmobranch 
(Zyfjftna  mulleiui),  and  B,  a Teleost  (Gadva  aecjhjiniis),  to  show  the  branchial 
apparatus.  In  both  figures  the  brancliial  arches  on  the  left  side  are  shown 
cut  through  horizontally.  (From  R.  Hertwig’s  Zoology.) 

I’g,  palato({uadrate,  and  a,  its  connection  with  the  cranium  anteriorly ; uli, 
lower  jaw  ; ?n,  oral  cavity  ; prin,  premaxilla ; ma,  maxilla  ; pa,  palatine  ; 
hm,  hyomandibular  ; in,  internal  branchial  apertures  ; as,  external  branchial 
apertures ; ops,  opercular  aperture  ; h,  branchial  septum ; bl'-,  anterior,  and  hP, 
posterior  hemibranch  of  a gill-pouch  ; op,  operculum  ; s,  pectoral  arch  ; z, 
tongue  ; phi,  inferior  pharyngeal  bone  ; o,  msophagus. 


branchial  arch,  and  an  opercular  membrane  is  present,  covering  the 
external  branchial  apertures  and  opening  by  a slit  posteriorly  ; 
traces  of  a similar  structure  are  seen  in  Chlamydoselache. 

In  Ganoids  and  Teleosts  there  are  no  longer  chambered  gill- 
sacs.  The  septa  on  which  the  gill-lamime  are  borne  become 
greatly  reduced,  so  that  the  apices  of  the  latter  extend  freely  out- 
wards ; the  whole  branchial  region  is,  moreover,  covered  over  by  the 
operculum  and  branchiostegal  membrane  (comp.  pp.  75  and  79), 
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and  thus,  as  in  the  Holocephali,  the  gill-slits  open  into  a common 
branchial  chamber,  which  communicates  with  the  exterior  by  a 
single  slit-like  aperture  on  either  side  (Figs.  222  B and  223).  A 

spiracle  is  present  in  Acipenser,  Polyodon, 
and  Polypterus  amongst  Ganoids. 

As  a rule  Teleosts  possess  only  four  holo- 
branchs,!  and  this  holds  good  for  all  Ganoids. 

A rudimentary  gill  ov 2^seudohranch  is  present 
on  the  anterior  wall  of  the  spiracle  of  many 
Elasmobranclis  and  of  cartilaginous  Ganoids 
(mandibular  pseudobranch) ; and  the  posterior 
hyoid  hemibranch,  which  is  functional  in  Aci- 
l)cnser  and  Lejiidosteus,  becomes  more  or  less 
reduced  in  Ganoids  and  Teleosts,  forming 
the  so-called  oi)ercular  jjseudobranch.  Traces  of 
a cleft,  lying  behind  the  functional  branchial 
clefts,  are  f(jund  in  the  embryos  of  certain 
Elasmobranclis.  All  these  facts  indicate  that 
Fishes  formerly  possessed  a more  extensive 
brancliial  ajiparatus  than  at  present. 

In  the  Lophobranchii  the  gills  are  replaced 
by  tufted  jirocesses,  and  in  many  Teleostei 
certiiin  accessory  structures  are  developed  in 
the  region  of  the  branchial  chamber  by  a modi- 
iication  of  tlie  branchial  arches  or  cavities. 
Tliese  serve  to  retain  the  water,  and  thus  the 
Fish  is  al)le  to  live  for  some  time  out  of  the 
water  (Anabas,  Saccobranchus,  Ileterobranchus, 
Clarias). 

External  gills  are  met  with  in  young  stages 
of  Elasmobranchii  and  Holocephali  as  well  as 
in  Ihilypterus  and  Calamoichthys  ; in  Elasmo- 
branchii and  Holocephali,  at  any  rate,  they  are 
endodermal  and  not  ectodermal  in  origin. 


Fl(i.  ‘2*23.  — I'llANSVICRSK 
Section  thkouuii  a 
H oLoiiKANcn  ovZyijcma 
(on  the  kumit)  and 
(kiduH  (on  the  deft). 

Sl.IOHTI.Y 
(From  R. 

Zooloyy). 


Endarcei). 

Hertwig’s 


branchial  arch  ; s,  gill- 
rakers  ; a,  afferent, 
and  V,  efferent  brancliial 
vessels ; W‘,  anterior, 

and  hP,  posterior  hemi- 
branch of  the  gill ; r, 
cartilaginous  gill-ray;  h, 
septum. 


traction  of  the  latter, 
slits.^  In  this  process 
from  one  another 
expiration. 


during 


Fishes  breathe  by  taking  in  water 
through  the  mouth,  and,  by  the  con- 
forcing  it  out  again  through  the  gill- 
the  gill-arches  rise  and  fall,  se23arating 
inspiration,  and  approximating  during 


Dipnoi. — These,  as  their  name  imjDlies,  possess  both  gills  and 
lungs,  only  the  latter  organs  being  functional  in  Protopterus  during 
its  summer  sleej)  (see  p.  17).  Besides  the  internal  gills,  which 
are  covered  by  a small  operculum,  ProtojDterus  jDOSsesses  three  pairs 
of  external  gills  situated  just  above  the  ojDerculum  and  sujjjDlied  by 
vessels  from  the  arterial  arches.  In  Ceratodus,  in  which,  as  in 
Lepidosiren,  no  external  gills  are  present,  there  are  four  complete 
gills  on  the  first  four  bx’anchial  arches,  as  well  as  a jiseudobranch 

^ They  may  be  I’educed  to  three,  or  two,  and  even  these  may  become  more  oi 

less  rudimentary.  , . i „ 

In  tlie  Lamprey  inspiration  as  well  as  expiration  takes  place  tlirougli  tne 
gill  apertures  when  the  animal  is  attached  by  means  of  its  suctorial  mouth. 
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on  the  hyoid.  In  Protopterus  and  Lepidosiren  a reduction  of  these 
organs  has  taken  place,  gills  being  absent  in  the  former  genus  on 
the  first  and  second  branchial  arches;  there  is, however, in  addition, 
an  anterior  heinibranch  on  the  fifth  branchial  arch. 

Amphibia. — In  the  embryos  of  Urodeles,  five  gill-clefts  can 
usually  be  recognised,  but  the  most  anterior  and  posterior  of  these 
do  not  become  open  to  the  exterior.  In  the  larvae,  as  well  as  in  adult 
Perennibranchiates,  there  are  three  external  gill-tufts  in  connection 
with  the  three  anterior  branchial  arches,  lying  one  over  the  other ; 


Fio.  224  A and  B. — Lakva  of  Epicriiim  fjlutinomm,  ^vlTH  External  Gills. 

(After  Sarasin. ) 


these  extend  backwards,  projecting  freely  to  the  exterior,  and  are 
composed  of  connective-tissue,  unsupported  by  cartilage.  They 
either  have  the  form  of  tufts,  or  may  be  delicately  branched, 
showing  the  most  varied  arrangements  for  increasing  the  respira- 
tory surface  (comp.  Fig.  224).  These  external  gills  are  ectoderrnal 
in  origin,  and  must  not  be  confused  with  the  internal  gills,  which 
are  wanting  in  all  Urodeles.  They  are  acted  on  by  a complicated 
system  of  muscles,  and  are  covered  by  ciliated  epithelium,  which 
serves  to  keep  up  a continual  current  in  the  surrounding  medium. 

In  the  Axolotl  and  in  larval  Salamanders  there  are  four,  and  in 
Necturus  (Menobranchus)  and  Proteus  only  two  gill-clefts  perfora- 
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ting  the  pharynx.  The  former  thus  show  a more  primitive  con- 
dition, while  in  the  latter  these  structures  have  become  reduced. 
There  is  always  only  a single  external  opening  covered  over  by  an 
opercular-like  fold  of  skin. 

The  usually  feather-like  external  gills  present  at  first  in  Anura 
soon  disappear,  and  their  place  is  taken  by  internal  gills,  the  epi- 
thelium covering  which  is  also  said  to  be  ectodermal  in  origin.  By 
the  growth  of  the  opercular  folds,  which  contain  no  skeletal  parts, 
the  external  respiratory  aperture  of  either  side  becomes  gradually 
reduced  in  size,  and  the  two  branchial  chambers  usually  open 
eventually  by  a single  aperture,  which  is  situated  either  in  the 
median  ventral  line,  or  laterally. 

The  larvae  of  the  Gymuophiona  also  possess  external  gills,  which 
vary  much  in  form  in  the  diHereut  genera  (Fig.  224). 

In  certain  Batrachia  in  which  there  is  no  free  larval  stage  it  appears 
that  resjhration  may  take  place  before  hatching  in  the  broad  and  vascular 
tail  (Mylodes  martinicensis),  in  folds  of  the  ventral  body  Avail  (Rana 
oi)isthod(m),  or  in  ])eculiarly  modified  external  gills  (Nototrema). 

Except  in  the  Perennibranchiata,  the  gills  disappear  at  meta- 
morphosis and  the  respiratory  ajDertures  close  up.  In  the  Derotre- 
mata,  however,  the  gill  cleft  between  the  third  and  fourth  branchial 
arches  persists. 


II.  AIR-BLADDER  AND  LUNGS. 

1.  The  Air-Bladdee. 

As  already  mentioned  (p.  273),  the  lungs  and  sAvim-bladder  are 
developed  in  a similar  manner,  and  only  differ  from  one  another  in 
the  fact  that  the  lungs  always  arise  from  the  ventral  side  of  the 
pharynx,  while  this  is  only  exceptionally  the  case  as  regards  the 
air-bladder  {e.g.,  Polypterus,  Calamoichthys),  which  usually  arises 
on  the  dorsal  side.  The  exact  point  of  origin  of  the  air- 
bladder  from  the  alimentary  canal  varies,^  and  its  duct  {ductus 
pneumaticus)  Hiay  either  remain  open  throughout  life,  as  in  all 
Ganoids  and  some  Teleosts  {Fhysostomi),  or  it  may_  later  become 
reduced  to  a solid  fibrous  cord  or  even  entirely  obliterated,  as  in 
other  Teleosts  {Physoclisti).  In  the  latter  case  there  is  no  com- 
munication between  the  SAvim-bladder  and  the  external  air,  and  it  is 
probable  that  the  contained  gas  is  given  off  from  the  walls  of  the 
swim-bladder  itself.  A vascular  organ  (the  so-called  “ rete  mirabile  ), 
consisting  of  numerous  glands  and  capillaries,  is  jAresent  in  the  walls 
of  the  swim-bladder  in  the  Physoclisti,  and  in  certain  Physostomi  a 

1 In  Erythrinus  it  arises  laterally,  aiul  in  some  Physostomi  (e.r/. , Herring)  it 
opens  further  back  into  the  stomach. 
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somewhat  similar  organ  (“  red-body  ”)  is  present,  but  consists  of 
capillaries  onl3^ 

The  air-bladder  lies  above  the  peritoneum  on  the  dorsal  side  of 
the  body-cavity,  between  the  vertebral  column,  aorta,  and  kidneys 
on  the  one  hand,  and  the  alimentary  canal  on  the  other  : it  is 
invested  by  the  peritoneum  on  the  ventral  side  only.  It  is  more 
or  less  sac-like  in  form,  and  is 
only  exceptionally  paired  (Poly- 
pterus) ; it  usually  extends  along 
the  whole  length  of  the  body- 
cavity,  and  its  walls  are  composed 
of  connective,elastic,and  muscular 
tissue.  In  some  Teleostei  it  is 
transversely  constricted  so  as  to 
form  several  successive  divisions; 
in  other  cases  it  may  give  rise  to 
a more  or  less  numerous  series 
of  cajcal  processes.^  Its  internal 
surface  may  be  either  smooth  or 
spongy  (Fig.  225)  owing  to  the 
formation  of  a meshwork  of 
trabeculae,  the  structure  of  which 
resembles  that  of  the  lungs  of 
Dipnoi  and  Amphibia,  and  as  already  stated,  it  has  a respiratory 
function  in  some  cases. 

An  air-bladder  is  wanting  in  Cyclostomes  and  Elasmobranchs. 

Attention  has  already  been  directed  to  the  relations  which  often 
exist  between  the  air-bladder  and  the  auditory  organ  (see  p.  226). 


Fig.  225. — Internal  Serfage  of  the 
Air-bladder  of  Lepidosteus, 
SHOWING  THE  TrABECUL.®. 


B,  fibrous  longitudinal  band. 


2.  The  Lungs. 

The  lungs  arise  at  the  hinder  border  of  the  branchial  region  of 
the  pharynx,  which  here  becomes  divided  by  a longitudinal  hori- 
zontal fold  into  a dorsal  and  a ventral  portion,  the  latter  of  which 
gives  rise  to  a blind  sac,  opening  anteriorly  by  a wide  aperture  into 
the  former  and  composed  of  endoderm  surrounded  by  mesoderm  (Fig. 
226).  A longitudinal  vertical  furrow  is  then  formed,  dividing  this 
primitive  lung-sac  into  right  and  left  halves : the  narrower  proximal 
portions  of  these  represent  the  primitive  hronchi,  which  communicate 
with  the  pharynx  by  a single  tube,  the  primitive  windpipe  or 
trachea.  The  proximal  end  of  the  latter  usually  becomes  differen- 
tiated to  form  a larynx,  or  organ  of  voice,  which  opens  into 
the  pharynx  on  its  ventral  side  by  means  of  a slit-like  aperture,  the 
ylottis.  The  lungs  are  therefore  phylogenetically  older  organs  than 

^ In  the  Gymnodonts  (c.y. , Uiodon,  Tetrodou),  the  whole  o)sophagus  is  capal)le 
of  great  distension. 
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the  bronchi,  trachea,  and  larynx,  and  this  statement  is  supported  by 
a study  of  their  comparative  anatomy. 


Fifi.  22G. — A,  B,  C,  Diacjra^is  siiowrxo  tiik  Mode  op  Development  of  the 

Lungs. 

J^J),  primitive  alimentary  tube  ; S,  <9’,  the  lung-sacs,  which  are  at  Hrst  unpaired  ; 

t,  trachea  ; h,  bronchus. 


Lungs;  A Oradual  Increase  of  the  Respiratory  Surface  is  seen  in 
PASSING  from  a to  1). 

Hollow  outgrowths  and  buds  arise  from  the  endoderm  of  the 
lungs  and  extend  into  the  surrounding  vascular  mesoderm,  which 

O O' 


Fig.  228. — Diagram  of  the  Embryonic  Human  Lung.  (After  W.  His.) 

pulmonary  artery  ; Ir,  air-passage;  sp,  u'sophagus  ; lb,  pulmonary  vesicle 
undergoing  division  ; 0,  right  upper  (anterior)  lobe  of  the  lung  with  its 
eparterial  bronchus  ; M,  V,  middle  and  lower  (posterior)  lobes  ; O'-,  left  upper 
lobe  with  its  hyparterial  bronchus ; left  lower  lobe. 

gives  rise  to  muscular  fibres  and  connective-tissue,  and  thus  a 
branched  system  of  cavities  communicating  with  the  bronchi  is 
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gradually  formed  (secondary  and  tertiary  bronchi).  The  ends  of 
these  branches  are  swollen,  forming  vesicles  known  as  infundibula, 
which  are  made  up  of  a number  of  alveoli,  and  are  surrounded  by 
blood  caiDillaries,  through  the  thin  walls  of  which  the  interchange 
of  respiratory  gases  takes  place  (Figs.  227  and  228). 

In  the  followino'  account  the  air-tubes  will  be  dealt  with 
separately  from  the  lungs  proper. 


Air-Tubes  and  Larynx. 

The  walls  of  the  air-tixbes  may  consist,  in  addition  to  their 
lining  of  ciliated  epithelium,  of  connective-tissue  and  elastic  and 
muscular  fibres  only,  but  usually  cartilaginous  elements  are  also 
formed,  and  these  serve  to  keep  the  tubes  permanently  open.  The 
most  anterior  of  these  cartilages,  which  support  the  larynx,  become 
differentiated  to  form  a frame  on  which  the  structures  by  means  of 
which  the  voice  is  produced — the  vocal  cords, — are  stretched  : these 
cartilages  are  acted  upon  by  muscles.  The  relative  length  of  the 
windpipe,  as  a rule,  corresponds  with  that  of  the  neck. 

Dipnoi. — In  these  the  glottis  is  supported  by  a fibro-cartilage, 
and  leads  into  a muscular  vestibule  communicatino’  with  the  lunof. 

^ o o 

A larynx  and  trachea  are  not  differentiated. 

Amphibia. — The  vestibule,  or  laryngo-tracheal  chamber,  com- 
municates with  the  pharynx  on  the  one  hand  and  with  the  lungs  on 
the  other,  and  is  supported  by  cartilages : it  is  provided  with 
intrinsic  (dilator  and  constrictor)  and  extrinsic  muscles,  the  former 
derived  from  pharyngeal  muscles  and  the  latter  from  trunk  muscles. 
A definite  trachea  is  differentiated  in  Siren,  Amphiuma,  and  the 
Gymnophiona  only  ; it  reaches  a length  of  4 to  5 or  more  centi- 
metres, and  its  wall  is  strengthened  by  a series  of  small  irregular 
cartilages,  Avhich  usually  tend  to  unite  into  bands  (Fig.  229) : 
only  in  the  Gymnophiona,  however,  do  these  bands  begin  to  take 
on  the  form  of  half-rings,  and  to  surround  the  trachea  more  or  less 
completely. 

The  phyletically  oldest  skeletal  parts  are  a pair  of  arytenoid 
cartilages,  situated  in  the  walls  of  the  vestibule  (Fig.  229) : these 
appear  to  have  arisen  by  a modification  of  part  of  the  fifth  bran- 
chial arch  (comp.  Fig.  2.33).  Distally  to  them  there  is,  in  the 
Anura,  another  cartilage  corresponding  to  the  cricoid  of  higher 
forms,  and  traces  of  this  also  occur  amongst  XJrodeles  {e.g..  Siren). 

In  Anura  a highly  differentiated  larynx  is  present.  This  is 
regulated  by  a well-developed  series  of  muscles,  and  is  provided 
with  vocal  cords,  the  sound  produced  by  which  is  often  intensified 
by  the  presence  of  vocal  sacs  developed  from  the  floor  of  the  mouth. 
The  laryngo-tracheal  chamber  lies  between  the  posterior  cornua  of 
the  hyoid  (thyro-hyals)  and  is  supported  by  a thin  arytenoid  cartilage 
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on  either  side  of  the  glottis  as  well  as  by  a ring-shaped  cricoid 
cartilage,  from  which  delicate  processes  pass  backwards  to  the 


l^(i.  220. — Laryngkac  and  Tkachkal  Skklkton  of  Ukodecks.  A,  Xec/iirns 
(Afeiiobmnchui) ; ji,  Siren  larertina  ; C,  Amj)hiuma  ; I),  Salamandra  maculosa. 

n,  the  cartilage.s  (arytenoids)  on  either  side  of  the  glottis  ; a',  ridge  for  muscles  ; 
*,  the  representative  of  the  cricoid  cartilage ; jf,  cartilages  of  the  trachea 
in  Siren  ; Kl>,  tlie  more  definite  tracheal  cartilaginous  tracts  in  Amjjhiuma 
and  iSalamandra  ; fourth  branchial  arch,  from  which  the  dilator  (cl)  of 

the  trachea  and  larynx  arises  ; co,  constrictor  of  the  larynx  ; L,  L',  lungs. 


roots  of  the  Inngs  (Fig.  230).  Vocal  cords  are  developed  in  the 
Anura  only,  each  being  attached  to  the  inner  concave  surface 
of  the  corresponding  arytenoid. 


Fig.  230. — Cartilaginou.s  Skeleton  of  the  Laryngo-Tkacheal  Chamuer  of 
liana  esculenta.  (A,  from  above  ; B,  from  the  side.) 


Ca,  Ca,  arytenoid  cartilage  ; to  C.l*,  cricoid  cartilage  ; Sj),  process  of  the 
latter  ; P,  plate-like  broadening  out  of  the  ventral  part  of  the  cricoid  ; SR, 
glottis  ; ***,  three  tooth-like  prominences  of  the  arytenoids. 


Reptiles. — The  larynx  of  Reptiles  is  supported  by  cartilaginous 
elements  comparable  to  those  of  Anura,  there  being  two  sets  of 
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cartilages — a paired  arytenoid,  and  a ring-shaped  cricoid  (Figs.  76 
and  231).  No  considerable  advance  in  structure  is  seen  ; there  is 
even  a reduction  noticeable  as  regards  the  musculature  as  compared 
with  the  Anura. 

One  point,  however,  must  be  specially  noticed,  viz.,  the  close 
connection  which  obtains  between  the  larynx  and  the  hyoidean 

A B 

Oe- 


S 


Fig.  231. — Lakyxx  of  Phyllodactylus  europaxis.  (A,  skeleton,  and  B, 
musculature  of  larynx. ) 

-4  r,  arytenoids  ; (7c,  cricoid  ; 8,  anterior  median  process  of  cricoid  ; 8^,  sphincter  ; 

D,  dilator  ; T,  trachea  ; Oe,  basi-hyal. 

apparatus — more  particularly  the  dorsal  surface  of  the  basi-hyal. 
In  Crocodiles  and  Chelonians,  for  instance,  the  larynx  is  firmly  em- 
bedded in  a shallow  depression  of  the  latter  (Fig.  76). 

A well-developed  trachea,  supported  by  cartilages,  is  present  in 
all  Reptiles ; but  the  cartilages  are  not  in  all  cases  Rised  together 
to  form  complete  rings.  The  walls  of  the  bronchi  are  also  usually 
provided  with  cartilaginous  supports. 

Birds. — In  Birds  there  are  two  larynges,  an  xtpjjRr  and  a loioer. 
The  former  lies  in  the  usual  position  behind  the  tongue  on  the  floor 
of  the  pharynx,  and  is  plainly  homologous  with  that  of  other 
Vertebrates,  though  it  has  become  rudimentary  and  is  incapable  of 
producing  sound. 

The  lower  larynx,  or  syrinx,  is  of  much  greater  importance ; it  is 
usually  situated  at  the  junction  of  the  trachea  and  bronchi,  or  more 
seldom  at  the  lower  end  of  the  trachea  alone  or  on  the  bronchi 
alone.  It  functions  as  the  organ  of  voice,  and  appears  first  in,  and 
is  restricted  to.  Birds.  In  the  most  usual  form  (hroncho-tracheal 
syrino^\  there  is  a movable  connection  between  the  most  anterior 
bronchial  rings,  with  which  a complicated  S3*stem  of  muscles  is  con- 
nected ; these,  by  their  conti'action,  cause  a stretchinof  or  relaxing  of 
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certain  vibratory  membranes.  A bar  of  cartilage  or  bone  the 
jiessii/Ms  extends  from  the  junction  of  the  bronchi  into  the  more  or 
less  swollen  “ tympanuvi  ” at  the  base  of  the  trachea : this  supports 
a slight  fold  of  the  mucous  membrane  called  the  memh'ctna 
semilunaris,  while  the  membranous  inner  wall  of  each  bronchus  is 
known  as  the  meyibrana  tympaniformis  interna  : the  external  wall 
may  also  give  rise  to  a memhrana  tympaniformis  externa.  The 


A 


Fio.  2.S2. — Lakvnx  ok  Malk  Duck.  {A,  external,  and  7i,  internal  view.) 


7’r,  trachea;  Br,  hronclius ; T,  the  “tympanum”;  S,  pessulus,  from  which 
a lateral  outgrowtli  (S  between  h and  l>)  extends  into  the  tympanum, 
tiuis  dividing  its  aperture  into  the  trachea  into  two  portions  (b,  b)  ; the 
aperture  is  further  diminished  by  the  cii'cular  fold  of  mucous  membrane,  SF 
t,  thin  region  in  S. 

tympanum  attains  a relatively  enormous  development  in  some 
Water-Birds  {e.g.,  the  male  Duck),  where  it  gives  rise  to  a bony 
vesicle  which  serves  as  a resonance  cavity  (Fig.  232). 

The  length  of  tlie  trachea  in  Birds  varies  greatly,  and  its  complete  cartila- 
ginous rings  usually  become  ossified.  In  some  cases  (e.g. , the  Swan  and  Crane) 
it  extends  into  the  liollow  keel  of  the  sternum,  where  it  becomes  more  or  less 
coiled,  and  then  again  passes  out  close  to  its  point  of  entrance  and  enters  the 
body-cavity.  In  certain  representatives  of  the  Stumidas  it  extends  between 
the  skin  and  the  muscles  of  the  thoi'ax,  and  there  gives  rise  to  numerous 
spiral  coils. 

Mammals. — The  larynx  of  Mammals  is  distinguished  from 
that  of  all  other  Vertebrates  by  the  marked  differentiation  of  the 
muscles — the  constrictors  always  exceeding  the  dilators  in  number 
— and  by  the  constant  j^resence  of  an  epiglottis  and  a thyroid 
eartilage. 

The  thyroid  cartilage  is  derived  from  part  of  the  fourth  and 
fifth  branchial  arches  (comp.  Fig.  233),  and  iii  Monotremes,  in  which 
it  is  paired,  it  is  still  closely  connected  with  the  hyoid  apparatus 
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(comp.  p.  285) . In  all  other  Mammals  the  thyroid  is  unpaired , though 
still  showing  traces  of  its  primary  paired  nature,  and  it  becomes 


Fig.  23.3.— Di.vgram  to  Illustrate  the  Metamorphosis  during  Develop- 
ment OF  the  First  to  Fifth  Visceral  Skeletal  Arches  (I— V)  in 
Man. 


From  the  proximal  enrl  of  the  first  ai’ch  (Meckel’s  cartilage)  two  of  the  auditorj" 
ossicles,  the  malleus  and  incus  {mb  and  in)  are  represented  as  arising,  p,  pinna  j 
j/r,  mastoid  process  of  skull.  ° 

From  the  second  arch  (hyoid)  arise  proximally  the  styloid  process  (p.s),  distally 
the  anterior  (lesser)  comu  of  the  hyoid  (c.a)  and  a portion  of  the  basi-hy'oid  {h.s). 
By  far  the  greater  portion  of  this  arch  becomes  the  stylo-hyoid  ligainent 
(Concerning  the  stapes  (hI)  comp.,  p 101). 

The  third  (first  branchial)  arch  gives  rise  to  the  greater  part  of  the  body  {h.s) 
and  the  posterior  or  greater  cornu  of  the  hyoid  {c.p. ). 

The  fourth  (second  branchial)  arch  gives  rise  to  the  upper  segment  {th')  of  the 
thyroid  cartilage,  and  the  fiftli  (third  branchial)  to  the  lower  one  {th'').  The 
arytenoid  cartilage  {ar)  is  probably  a derivative  of  the  fifth  arch,  tc,  cartilago 
triticea  ; cr,  cricoid  cartilage  ; tr,  trachea.  ° 


separated  from  the  hyoid : it  is  shield-shaped,  and  surrounds  the 
lateral  and  ventral  regions  of  the  larynx,  overlapping  the  cricoid 
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above, ^ and  serving  as  a point  of  origin  and  insertion  for  important 
intrinsic  and  extrinsic  muscles. 

The  vocal  cords  extend  between  the  thyroid  and  the  arytenoids, 
and  the  mucous  membrane  above  them  becomes  involuted  to  form 
the  laryngeal  pouches.  In  Anthropoids  and  certain  other  Monkeys 
(c.ff.,  Mycetes)  these  may  reach  such  a large  size  that  they  serve 
as  resonance  cavities,  and  lie  partially  within  the  body  of  the 
hyoid,  which  is  swollen  to  form  a large  hony  chamber  (Fig.  234). 
The  folds  of  mucous  membrane  bounding  the  laryngeal  pouches 
anteriorly  are  spoken  of  as  false  vocal  cords ; these  are  not  present 
in  all  Mammals. 

The  epiglottis,  which  consists  of  elastic  fibro-cartilage,  stands  in 
close  relation  to  the  soft  palate,  extending  upwards  from  the  anterior 
border  of  the  larynx,  in  front  of  the  glottis  : it  is  often,  when  at  rest, 
embraced  more  or  less  firmly  by  the  soft  palate  in  such  a way 
that  its  distal  end  lies  in  the  passage  of  the  posterior  nostrils  (naso- 
pharyngeal chamber),  so  that  respiration  and  feeding  can  go  on 
independently  of  one  another.^ 

An  interesting  adaptiition  for  tlio  metliod  of  lactation  is  'seen  in  the 
larynx  of  Marsu))ial  embryos,  in  which  it,  together  with  tlie  epiglottis, 
becomes  greatly  elongated  and  is  lirmly  embraced  by  tlie  soft  palate,  so  that 
it  cannot  be  imjved  from  this  jjosition.  Thus  res])iration  can  go  on  freely 
wliile  tlie  milk  jiasses  down  tlie  oesophagus  on  either  side  of  the  larynx. 
In  Cetecea  (e.;/.,  Phociena),  a similar  arrangement  occurs,  and  is  here 
adajited  for  the  atpiatic  life  of  the  animal.  Probably  in  all  Mammals  a 
similar  position  of  the  larynx  is  seen  in  the  embryo. 


The  Lungs  proper. 

Dipnoi. — In  Oeratodus  the  lung  is  a wide  unpaired  sac,  without 
any  trace  of  a dividing  septum ; in  other  Dipnoans  it  is  dis- 
tinctly paired  throughout  the  greater  part  of  its  length,  the  anterior 
unpaired  portion  being  largely  filled  up  by  spongy  trabeculae. 

The  lung  extends  through  the  whole  length  of  the  body-cavity, 
and  is  covered  by  peritoneum  on  the  ventral  surface  only;  the 
lining  mucous  membrane  forms  bands  and  networks  similar  to  those 
seen  in  the  air-bladder  of  many  Fishes  (e.y.,  Lepidosteus,  Fig.  225). 

Amphibia. — The  lungs  of  Proteus  and  Necturus  (Fig  235), 
though  paired  throughout,  remain  at  a lower  stage  than  those 
of  the  Dipnoi,  inasmuch  as  their  internal  surface  is  perfectly  smooth, 
and  has,  therefore,  a much  smaller  superficial  extent.  They 

1 Tlie  cricoid  may  be  complete  or  incomplete  ventrally,  and  its  dorsal  portion 
usually  becomes  raised  to  form  a broad  plate  with  which  the  arytenoids  are  articu- 
lated (Figs.  2.33  and  2.34).  . . „ • i ^ ( 

® The  epiglottis  was  probably  originally  a paired  structure,  consisting  ot 
hyaline  cartilage,  and  it  is  possible  that  the  small  cartilages  of  Wrisberg  and 
Santorini  present  in  the  larynx  in  addition  to  the  more  imiiortant  cartilages  de- 
scribed above  may  be  specialisations  of  part  of  the  same  structure. 
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Fig.  2.34. — Larynges  of  Various  Mammals. 


A,  larynx  of  Leer,  seen  from  the  left  side  ; B,  longitudinal  sectiop  through  the 
larynx  of  the  Fox  ; C,  larynx  of  the  Howling  Monkey  (Mycetesursinnn),  from 
the  left  sifle  ; D,  Larynx  of  Chipanzee  (Simia  troglodytes),  from  the  ventral 
side. 

Tr,  trachea ; Gtr,  cartilaginous  rings  of  the  trachea  ; S,  mucous  membrane  of  the 
tracliea  and  tongiie  ; Or,  ventral,  and  Cr^,  dorsal  plate  of  the  cricoid  ; Ct, 
Cd,  thyroid  cartilage  ; oh,  uh,  anterior  and  posterior  cornua  of  the  latter  ; 
Ca,  a.rytenoid  cartilage  ; jm,  processus  inuscularis  of  the  latter ; E21,  epi- 
glottis ; H.  body  of  hyoid  ; h,  lesser,  Id,  greater  cornua  of  the  hyoid  ; Lt, 
ligament ; Mth,  thyro-hyoid  ligament ; M,  laryngeal  jiowch, 
which  shows  an  enlargement  at  f ; 1,  2,  3,  the  three  resonance  cavities  of 
Stmia  troylodytes  •,  mu,  submucous  tissue  with  muscles:  il/.oe,  cenioglossus 
muscle  ; Z,  tongue. 
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consist  of  two  delicate  elongated  sacs  of  unequal  length,  and  con- 
stricted in  the  middle ; in  Proteus  they  extend  much  fui'ther 
backwards  than  in  Necturus.  A difference  in  length  between 

the  two  lungs  is  seen  also  in  other  Am- 
IDhibia,  such  as  Amphiuma  and  Siren,  in 
which  the  two  cylindrical  lungs  lie  near 
together,  close  to  the  aorta.  Their  in- 
ternal sui'face  is  raised  into  a network, 
corresponding  with  the  distribution  of 
the  blood-vessels,  the  meshes  being 
much  finer  in  Amphiuma,  and  still  more 
so  in  Menopoma,  than  in  Siren. 

In  many  Salamanders  {e.g.,  Salaman- 
drinse,  Amblystomatinae,  Desmognathinse, 
Plethodontinae)  the  lungs  undergo  a more 
or  less  complete  degeneration,  even  though 
all  traces  of  the  gills  disajapear.  The  fact 
that  the  floor  of  the  mouth  is  continually 
raised  and  lowered  as  in  other  Amphibians 
Avhich  possess  lungs,  and  that  in  some 
cases,  at  any  rate,  the  animal  dies  if  these 
respiratory  movements  are  ]^re vented,  in- 
dicates that  a bucco-pharyngeal  respiration 
takes  place,  and  that  cutaneous  respiration 
(which  occurs  in  most  Amphibians)  alone 
is  insufficient.  In  other  Salamanders  the 
lungs  are  as  a rule  equal  in  size,  and  have 
tlie  form  of  cylindrical  tubes  extending 
backwards  as  far  as  the  end  of  the  stomach; 
their  internal  surface  is  more  or  less 
smooth.  The  lungs  of  the  Gymnophiona  are  similar  to  those  of 
Salamanders,  but  the  right  alone  is  fully  developed,  and  this 
shows  in  its  interior  a complicated  trabecular  network : the  left 
is  only  a few  millimetres  long. 

The  sac-like  lungs  of  Anura  are  quite  symmetrical.  Their 
internal  surface,  which  is  lined  partly  by  ciliated  epithelium,, 
is  raised  up  into  a rich  respiratory  network  of  trabeculse,  and 
numerous  smooth  muscular  fibres  are  present  in  their  walls. 


Fig.  235. — Lungs  ok  Pro- 
teus (A)  AND  Necturus 
(B).  The  coiniminication 
witli  tlie  vestibule  is  indi- 
cated by  a black  spot 
anteriorly. 


Reptiles. — In  Reptiles,  as  in  all  other  air-breathing  Verte- 
brates, the  form  of  the  lungs  is  to  a great  extent  regulated  by 
that  of  the  body.  In  the  higher  types,  such  as  the  Chelonia  and 
Crocodilia,  their  structure  is  much  more  complicated  than  in 
Amphibia ; this  complication  finds  expression  in  a very  considerable 
increase  of  the  respiratory  surface.  With  the  exception  of  the 
thin -walled  lungs  of  Lizards,  which  retain  a very  primitive  con- 
dition, we  no  longer  meet  with  a large  central  cavity,  but  the 
organ  becomes  penetrated  by  a branched  system  of  bronchi,  which 
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give  rise  to  a tubular  and  sponge- 
like meshwork  (comp.  Fig.  236). 


Tlie  lung  of  Snakes  exhibits  an  in- 
termediate form,  for  in  spite  of  the 
finely-meshed  tissue  arising  from  the 
periphery,  it  still  retains  a narrow  central 
caUty.  The  right  lung  only  is  as  a rule 
fully  developed  in  Snakes  and  Amphis- 
Ijoenians,  owing  to  the  elongated  form  of 
the  bodj^,  while  the  left  remains  in  a 
rudimentary  condition,  or  even  disap- 
pears entii’ely. 

In  the  Chameleon  (Fig.  236)  the  an- 
terior portion  of  the  lungs  is  much  more 
compact  and  spongy  than  the  posterior, 
which  grows  out  into  numerous  sac-like 
processes,  some  of  which  reach  as  far 
back  as  the  pelvic  region  ; their  form 
is  very  variable,  being  spmdle-shaped, 
club-shaped,  or  lobulated,  and  their 
walls  are  very  thin ; they  extend  in 
amongst  the  viscera  wherever  there  is 
room.  If  these  jjrocesses  have  any  res- 
piratory function,  it  is  at  most  only  a 
very  slight  one.  An  indication  of  a 
similar  arrangement  is  seen  in  the  lungs 
of  Testudo,  in  which  a single  thin-walled 
process  extends  backwards  to  the  pelvic 
region.  These  processes  seem  to  fore- 
shadow a condition  which  reaches  its 
highest  development  in  Birds. 


A uniform  ground-plan  is  to  be 
observed  in  the  arrangement  of  the 
intra-pulmonary  bronchial  system 
through  the  whole  series  of  the 
Amniota,  from  Crocodiles  onwards. 
A continuation  of  the  bronchus, 
which  is  almost  straight,  always 
passes  through  the  lung  to  its  pos- 
terior end.  This  may  be  called  the 
main  bronchus ; from  it  a series  of 
lateral  bronchi  arise. 


Birds. — The  respiratory  appar- 
atus of  Birds  presents  so  many 
remarkable  peculiarities,  both  as 
regards  the  structure  of  the  lungs 

and  in  the  presence  of  air-sacs,  that  it  must  be  considered  in  some 
detail. 


Fi(!.  236.— Lungs  of  Chanudeo 
monachut). 

T — trachea. 


vascular  lungs  (Figs.  237 
and  l38)  are  closely  applied  to  the  thoracic  vertebrae  and  heads  of 
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the  ribs,  and  are  capable  of  very  little  distension.  They  are  pene- 
trated by  a system  of  bronchi  which  Avill  be  described  presently. 
The  lower  surface  of  each  lung  is  closely  invested  by  a thin  fibrous 
membrane,  the  ‘j^ulmonary  aponeurosis,^  into  which  are  inserted  a 
variable  number  of  muscular  bands  {costo-pulmonary  muscles) : 
these-  arise  from  the  vertebral  ribs,  and  are  supplied  by  the  inter- 
costal nerves  (Fig.  238). 

When  the  ventral  body-wall  of  a Bird  is  removed,  the  heart, 
stomach,  liver,  and  intestine  are  seen  pressed  towai'ds  the  mid-line, 
and  on  either  side  of  them  a tightly-stretched  fascia,  the  oblique 
septum,  is  observable,  which  shuts  them  off  from  a paired  lateral 
sub-pulmonary  chamber  (Fig.  237).  Other  chambers  are  situated 
in  the  anterior  thoracic  region,  ventral  to  the  lungs.  Others,  again, 
are  seen  in  the  region  of  the  heart  and  in  the  posterior  part  of  the 
abdominal  cavity.  These  chambers  are  occupied  by  the  air-sacs 
with  which  certain  of  the  bronchi  communicate. 

The  most  ])osterior  chiimber  on  eitlior  side  encloses  an  abdominal 
(posterior)  air-sac  (Fig.  237).  In  Apteryx,  this  is  completely  closed  in  by 
the  oldifjue  septum,  but  in  other  Birds  it  gives  rise  to  a large,  distensible 
diverticulum  Avhich  extends  l)ackwards  ventrally  to  the  kidney,  amongst  the 
viscera. 

In  front  of  this  there  are  twcj  air-sacs  lying  above  and  externally  to  the 
ol)lique  septum,  and  constituting  the  main  part  of  the  sub-pulmonary 
cliamber  ; tliese  may  be  called  tlie  anterior  and  posterior  intermediate  sacs. 
A transverse  dividing-wall  separates  these,  at  the  level  of  the  coeliac 
artery,  and  a second  sejjtum  shuts  off  the  anterior  intei’inediate  sac  from  the 
one  lying  in  front  of  it,  to  be  described  presently.  The  posterior  inter- 
mediate air-sac  ])resents  the  simplest  and  most  constant  relations,  and  never 
communicates  with  any  of  tlie  neighbouring  chamljers,  as  is  often  the  case 
Avith  the  anterior  intermediate. 

A pair  of  jyrehronchial  air-sacs  lies  on  either  side  of  the  oesophagus  above 
eacli  bronchus,  anterior  to  tlie  hilum  of  the  lung,  and  below  this  a sub-bronchial 
sac  is  situated,  which  is  separated  behind  from  the  anterior  intermediate  sac 
by  a septum.  This  is  usually  unpaired,  the  sac  of  either  side  fusing  with  its 
fellow  to  form  an  interclaviodar  chamber,  bounded  by  the  furcula  ^ ; it  com- 
municates Avitli  neighbouring  air-cavities  Avhich  lie  between  the  pericardium 
and  sternum  and  in  the  axilla,  outside  the  body-cavity  (axillary  sac).  , 

The  main  bronchus  (mesobronchium)  runs  close  to  the  ventral  surface  of 
the  lung  surrounded  by  tlie  lung-parenchyma,  and  extends  to  its  posterior 
end,  Avhere,  as  a rule,  it  opens  directly  into  the  abdominal  air-sac  (Fig.  238). 
From  it  a large  lateral  bronchus  is  given  off,  which  opens  into  the  posterior 
intermediate  sac  by  one  or  two  (e.cj.,  in  Passeres)  apertures.  Besides  this 
there  are  from  four  to  six  other  lateral  bronchi,  all  of  which  become 
broadened  out  in  a fan-like  manner  on  the  ventral  surface  of  the  lung. 
These  may  be  called  entobronchia  (bronchi  divergentes)  : they  all  arise  from 
the  anterior  portion  of  the  mesobronchium.  The  first  of  these  radiates  out 


^ The  pulmonary  aponeurosis,  as  Avell  as  tlie  oblirpie  septum,  is  often  spoken  of 
as  a “diaphragm”  (comp.  p.  141).  The  chamber  (pleural  cavity)  in  which  the 
lungs  are  situated  is  shut  off  from  the  rest  of  the  abdominal  cavity  in  Chelonians 
and  Crocodiles  also. 

2 In  some  Birds  (e.r/.,  Rhea,  Vulture,  Adjutant)  a median  .septum  is  present 
separating  the  two  sub-bronchial  sacs. 


T 


Fk;.  237. — Abdominal  Visckka  and  Aik-Sa(Js  of  a Duck  aftei4  the  Re- 
moval OF  THE  Ventral  Body- Wall,  (From  a drawing  by  H.  Strasser.) 


T,  trachea ; H,  heart,  enclosed  within  the  pericardium  ; rL,lL,  right  and  left 
lobes  of  liver ; Ish,  suspensory  (falciform)  ligament,  and  led,  Ics,  right  and 
left  coronary  ligament  of  the  liver ; D,  intestine ; P,  pectoralis  major ; y>a, 
pv,  pectoral  artery  and  vein  ; <S’,  subclavius  muscle  ; Cd,  coracoid  ; F,  furcula  ; 
Ifcd,  coraco-furcular  ligament;  L<j,  Lr/,  lung;  r.abd.S,  l.abd.S,  right  and 
left  abdominal  (posterior)  air-sac  ; D.lh.a,  oblique  septum  ; ft,  posterior 
intermediate  air  sac  ; t,  anterior  intermediate  air-sac  ; F,  partition-walls 
between  these  sacs  ; s,  h,  partition  walls  between  the  anterior  intermediate 
air-sacs  and  the  unpaired  sub-bronchial  sac,  lying  in  the  anterior  part  of  the 
body-cavity ; v,  portion  of  anterior  wall  of  latter ; p,  axillary  sac  lying 
between  the  coracoid,  scapula,  and  the  anterior  ribs,  and  communicating  with 
the  sub-bronchial  air- sac  ; G,  0,  prebronchial  sacs  ; *,  point  of  entrance  of 
the  bronchi  into  the  lung  ; Ap,  pulmonary  artery  ; Aa,  Fa,  innominate  artery 
and  vein  with  their  branches. 
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Fig.  238. — Left  Lunci  of  the  Duck,  in  nUn.  (From  a drawing  l>y  H.  Strasser. 
I’lie  main  broncluis  i.s  cut  open  ; internally  to  it  lies  the  ijulmonary  vein,  and 
externally  the  pulmonary  artery. 


Oe,  ce.sophagus ; m.l.c,  muse,  longus  eolli ; lir.Wn,  thoracie  vertebrje ; v,  v,  ends 
. of  free  vertebral  ribs  ; s<lv,  stv,  sections  of  ribs  which  are  connected  with  the 
sternum  ; N,  kidney ; Tr,  trachea,  /,  first  entobronehium,  and  c,  its  ostium 
communicating  with  the  prebronchial  air-sac ; i,  a,  e,  its  internal,  anterior, 
and  external  branches ; Hi,  lie,  internal  and  external  branch  of  the  second 
entobronehium  ; the  end  of  He  opens  into  the  sub-bronchial  sac  at  d ; III, 
third  entobronehium,  with  the  aperture  for  the  anterior  intermediate  air-sac  ; 
IV,  fourth  entobronehium ; au,  opening  of  the  main  bronchus  into  the 
abdominal  sae  ; h,  opening  of  the  outer  lateral  branch  of  the  mesobronchium 
into  the  posterior  intermediate  air-sac  ; /d,  second  ostium  of  the  latter,  more 
towards  the  middle  line  (present  in  Passeres).  The  boundary  of  the  pul- 
monary aponeurosis  is  seen  along  the  outer  edge  of  the  lung,  and  the  costo- 
pulmonary  muscles  are  shown  extending  from  it  to  the  ribs. 


anteriorly  to  the  hilum  of  the  lung,  and  gives  off  internal,  external  and 
anterior  branches,  one  of  which  opens  into  tlie  i^rebronchial  sac.  The  other 
entobronchia  give  rise  to  two  series  of  branches,  one  of  which  extends 
inwards  and  backwards  between  the  factoi’s  of  the  pulmonary  vein,  and  the 
other  outwards  between  the  arterial  branches.  Almost  without  exception 
a large  ajjerture  or  ostium  is  present  on  the  wall  on  the  third  entobronehium, 
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communicating  'vvith  the  anterior  intermediate  air-sac.  A branch  of  the 
second  entobronchium  opens  externally  to  the  hilum  of  the  lung  into  the 
sub-bronchial  sac. 

The  lateral  bronchi  considered  as  yet  have  to  do  with  the  ventral  surface 
of  the  lung  only  ; but  besides  these  there  are  a variable  number  of  ecto- 
bronchia  arising  from  the  dorsal  side  of  the  main  bronchus  posteriorly  to  the 
entobronchia.  These  come  off  in  a longitudinal  row,  those  of  the  outer  row 
being  larger  than  those  of  the  inner.  They  pass  dorsally  to  the  costal  face 
of  the  lung.  Both  ecto-  and  entobronchia  give  off  numerous  bronchi  of  a 
third  order,  or  parabronchia  : the  walls  of  these  are  raised  into  numerous 
transverse  net-like  folds,  into  which  the  pulmonary  capillaries  extend. 


The  air-sacs  arise  from  the  embryonic  pulmonary  vesicles  as 
delicate-walled  hollow  processes,  lined  by  pavement  epithelium;  these 
grow  rapidly,  and  soon  exceed  the  lung  proper  in  size,  extending 
amongst  the  viscera.  Their  form  and  extent  depend  largely  upon 
their  surroundings  : they  consist  simply  of  interstitial  cavities  lined 
by  the  membrane  of  the  air-sacs.  Moreover,  they  are  not  confined 
to  the  body-cavity,  but  in  numerous  places  extend  beyond  it,  pass- 
ing in  between  the  muscles,  beneath  the  skin,  and  even  into  most 
of  the  bones.  The  latter  are  thus  rendered  and  con- 

sequently the  specific  gravity  of  the  body  is  lessened,  and  the  power 
of  flight  increased.  The  pneumaticity  of  the  bones  is  not,  however, 
an  essential  peculiarity  connected  with  flight,  for  in  many  Birds 
which  are  extremely  good  fliers  {e.g.,  Larus,  Sterna)  the  bones  are 
not  pneumatic.^  In  these  cases,  however,  a compensation  is 
eflected  by  a more  marked  development  of  the  muscles,  and  the 
abdominal  (posterior)  air-sac,  which  in  no  Birds  appears  to  be 
entirely  wanting,  is  here  well  developed.  In  the  cursorial  Ratitae, 
on  the  other  hand,  the  bones  are  markedly  pneumatic. 

The  air-sacs  must  be  looked  upon  as  integral  parts  of  the 
respiratory  apparatus  : a greater  amount  of  air  can,  by  their  means, 
pass  in  and  out  during  inspiration  and  expiration,  especially  througli 
the  larger  bronchi,  and  consequently  there  is  less  necessity  for  the 
expansion  of  the  lung-parenchyma.  The  function  of  the  prolonga- 
tions of  the  air-sacs  lying  towards  the  outer  surface  of  the  body 
consists  in  the  giving  oft'  of  watery  vapour  and  in  regulating  the 
heat  of  the  body.  Those  which  extend  in  between  the  muscles, 
and  supplant  the  connective  and  fatty  tissue  in  these  regions,  have 
a further  importance  in  causing  less  power  to  be  lost  in  friction. 

But  by  far  the  greatest  importance  of  the  air-sacs  situated  towards 
the  periphery  consists  in  the  enlargement  of  the  anterior  thoracic 
region,  principally  that  surrounded  by  the  pectoral  arch.  A larger 
development  of  the  skeleton  can  thus  take  place,  giving  an  increase 

^ The  pneumaticity  of  tlie  bones  is  not  a special  peculiarity  of  Birds  : ainongs 
Mammals,  frontal,  maxillary,  and  sphenoidal  sinuses  are  present  in  Anthropoids 
Elephants,  and  Marsupials  for  instance  ; the  skull  of  Crocodiles  is  also  strongly 
pneumatic.  All  these  sinuses  communicate  with  one  another,  and  also  with  the 
tympanic  cavity.  They  are  in  many  cases  developed  in  order  to  give  a greater 
surface  for  the  attachment  of  muscles,  and  also  to  effect  a saving  of  material  and 
ajlightening  of  the  skull. 
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of  surface  for  muscular  attachment  without  any  considerable  in- 
crease in  weight.  Everything,  in  fact,  combines  to  establish  an 
organ  of  flight  with  a large  wing-surface  and  an  increased  strength 
of  the  muscles. 

Mammals. — As  in  Reptiles,  the  blood-vessels  are  of  funda- 
mental importance  in  determining  the  structure  of  the  bronchial 
system.  The  pulmonary  artery  crosses  the  main  bronchus  formed 

by  the  bifurcation  of  the  trachea  at 
its  anterior  end,  and  this  point  may 
be  taken  as  dividing  the  lateral 
bronchi  into  two  systems — an  an- 
terior cpartcrial  and  a posterior  hy~ 
parterial. 

The  hyparterial  series  is  always 
well  developed,  and  consists  of  a 
double  row  of  lateral  bronchi,  be- 
tween the  roots  of  which  the  pul- 
monary artery  passes  backwards 
dorsally,  while  the  corresponding  vein 
runs  along  the  median  side  of  the 
main  bronchus  (Fig.  239).  The  eiiar- 
terial  system,  on  the  other  hand, 
gradually  becomes  of  much  less  im- 
portance and  in  certain  cases  is  re- 
presented only  by  a single  external 
lateral  bronchus  on  either  side  (Fig. 
239) ; and,  as  a rule,  even  the  left  of 
these  disappears,  only  the  right  re- 
maining, and  even  this  is  not  always 
retained.  The  eparterial  bronchus, 
whether  developed  on  one  or  on  both 
sides,  may  arise  from  the  trachea 
instead  of  from  the  main  bronchus. 

In  by  far  the  greater  number  of 
Mammals,  then,  the  left  eparterial 
bronchus  has  disappeared,  while  the 
right  is  retained;  and  as,  therefore, 
the  anterior  lobe  of  the  right  lung 
belongs  to  the  eparterial  and  that  of 
the  left  lung  to  the  first  hyparterial  bronchus,  these  lobes  are 
evidently  not  homologous,  the  middle  right  lobe  corresponding 
much  more  nearly  to  the  anterior  lobe  of  the  left  side.  There  is 
thus  a want  of  symmetry  between  the  right  and  left  sides,  the 
right  lung  usually  retaining  one  more  element  than  the  left 
(Fig.  240a).  The  so-called  accessory  fourth  lobe  does  not  correspond 
to  a true  lobe,  but  represents  the  main  axis  of  the  lung  enclosing 
the  main  bronchus. 


Fig.  239. — Diagram  ok  tiik  Ar- 

RANGEMKNT  OF  THE  BROXCHI 
IN  Mammals.  (From  the  ven- 
tral side. ) 

a,  a,  eparterial  bronchus  of  either 
side  ; h,  series  of  ventral,  and 
c of  dorsal  hyparterial  bronchi ; 
A,  pulmonary  arteiy ; F,  pul- 
monary vein. 
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The  cartilages  of  the  bronchi  become  more  and  more  sparse  and 
finally  disappear  as  the  latter  divide  up  into  finer  and  finer 
branches. 

The  thoracic  cavity  is  lined  by  a serous  membrane,  the  pleura, 
in  which,  as  in  the  case  of  the  peritoneum  (p.  235),  a parietal  and 


Fig.  240a. — Lung  of  Man.  (From  the  ventral  side. ) 

1,  2,  3,  lobes  of  the  right,  and  2a,  3a,  of  the  left  lung  ; Z,  base  of  lung  ; +,  incisura 
cordis  ; S,  sulcus  for  the  subclavian  artery  ; Tr,  trachea. 


Fig.  240b  and  c.— Diagkam  of  thk  Plkukal  and  Pkricakdial  Cavities  of 
Mam.maus,  founded  on  the  Relations  of  these  Parts  in  Man.  (B, 
horizontal  section  ; C,  transverse  section. ) 

Tr,  trachea ; Br,  bronchi ; L,  L,  lungs ; H,  heart ; W,  vertebral  column  ; P, 
parietal,  and  P^,  visceral  layer  of  the  pleura  ; ft,  points  at  -which  these  pass 
into  one  another  at  the  hilum  pulinonalis  (Hi)  ; m,  mediastinum  ; Pc,  Ps^, 
parietal  and  visceral  layers  of  the  pericardium  ; B,  ribs  (wall  of  thorax) ; S, 
sternum. 

visceral  layer  may  be  distinguished  (Fig.  240,  B,  C) : the  latter  is 
spoken  of  as  the  pulmonary  pleura,  the  former  as  the  costal  pleura. 
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Towards  the  middle  line,  the  pulmonary  pleura  of  either  side  is 
reflected  so  as  to  form  a septum  between  the  right  and  left  thoracic 
cavities.  This  septum  is  called  the  mediastinum,  and  the  space 
between  its  two  layers  the  mediastinal  spaee:  through  this,  the 
aorta,  oesophagus,  and  postcaval  vein  run,  and  in  the  region  of 
the  heart  the  mediastinum  is  reflected  over  the  parietal  layer  of 
the  pericardium. 

There  is  a lymphatic  fluid  between  the  two  layers  of  the  pleura 
which  renders  the  movements  of  the  lungs  smooth  and  easy. 

ABDOMINAL  PORES. 

By  the  term  abdominal  pore  is  understood  a perforation — usually 
paired — of  the  jDosterior  end  of  the  wall  of  the  peritoneal  cavity 
which  puts  the  coelome  into  direct  communication  with  the 
exterior.^ 

In  Cyclostomes  a pair  of  pores  opens  into  the  urinogenital  sinus, 
serving  to  conduct  the  generative  products  to  the  exterior : they 
probably  do  not  correspond  to  the  abdominal  pores  of  other  forms, 
which  never  have  this  function,  and  are  better  described  as  genital 
pores. 

In  the  Holocephali  and  Elasmobranchii  the  abdominal  pores  are 
usually  paired  and  are  situated  posteriorly  to  the  cloaca  (Figs.  206, 
289,  290),  and  may  be  enclosed  within  its  lips.  They  are  wanting  in 
the  Notidanidse,  Cestracionid®,  and  Rhinidas,  and  are  not  con- 
stantly present  in  the  Scylliidas,  even  in  individuals  of  the  same 
species.  In  Ganoids,  they  oiDeii  between  the  urinogenital  aperture 
and  anus,  but  are  apparently  wanting  in  Amia.  Amongst  Teleosts, 
they  are  said  to  be  present  only  in  the  Salmonidse  and  Mormyiidse, 
right  and  left  of  the  anus  ; but  even  in  these,  the  pore  of  one  or 
of  both  sides  may  be  absent.  In  the  Mursenidse,  there  is  a single 
genital  pore,  which  is  apparently  more  nearly  comparable  to  the 
similarly  named  structure  in  other  Teleosts  {see  under  Generative 
Organs)  and  to  the  genital  pores  of  Cyclostomes.  In  Ceratodus  the 
abdominal  pores  are  paired,  and  open  behind  the  cloaca,  while  in 
Protopterus  a single,  apparently  blind,  canal  is  present  on  the  same 
side  of  the  ventral  fin  as  the  vent  (Fig.  209),  sometimes  to  the 
right  and  sometimes  to  the  left  of  the  middle  line,  either  within  or 
without  the  sphincter  of  the  cloaca. 

Abdominal  pores  are  not  known  to  occur  in  the  Amphibia  and 
Mammalia,  hut  amongst  Reptiles  they  are  perhaps  represented  by  the 
peritoneal  eanals  of  the  Chelonia  and  Crocodilia,  which  in  the 
former  are  in  close  relation  with  the  penis  or  clitoris,  and  usually 
end  blindly. 

’ Tlie  al)dominal  pores  may  possildy  correspond  to  tlie  remains  of  segmental 
ducts.  Other  connections  of  the  ccelome  with  tlie  exterior  (by  means  of  the 
nephrostomes  of  Anamnia  and  the  ostia  of  tlie  oviducts  in  the  majority  of 
Vertebrata)  will  be  mentioned  in  a subsequent  chapter. 


H.  ORGANS  OF  CIRCULATION. 


(VASCULAR  SYSTEM.) 

The  organs  of  circulation,  which  arise  from  the  inesoblast,^ 
consist,  in  the  Craniata,  of  a hollow  central  muscular  organ,  the 
heart,  which  is  connected  with  a series  of  completely  closed  tubes, 
the  blood-vessels.  The  heart  and  blood-vessels  contain  a coloured 
fluid,  the  hlood,  and  their  cavities  jDrobably  represent  the  remains 
of  the  blastocoele  (j).  4).  Another  system  of  vessels  containing  a 
colourless  fluid,  the  lymph,  must  be  distinguished  from  the  blood 
vessels : lymph,  however,  is  present  in  various  spaces  or  simtses 
in  the  body  as  well  as  in  the  lymph- vessels  (p.  333) : the  lymphatic 
system  is,  therefore,  not  completely  closed,  the  vessels  communicat- 
ing with  the  sinuses  on  the  one  hand,  and  with  the  blood-vessels  on 
the  other. 

Both  blood  and  lymph  consist  of  a colourless  fluid,  the  plasma, 
in  which  float  numerous  cells  or  corpuscles.  The  hlood-corpuscles  are 
of  two  kinds — colourless,  nucleated,  amoeboid  cells,  known  as  voliite 
or  colcmrless  corptmles  or  leucocytes,  and  far  more  numerous  o^ed 
hlood-corpuscles  or  erythrocytes.^  The  lymph  contains  colourless 
corpuscles  only,  and  these  are  precisely  similar  to  those  of  the 
blood.  Both  blood  and  lymph  are  kept  in  constant  circulation 
through  the  vessels  by  the  contraction  of  the  heart,  which  acts 
both  as  a force-pump  and  a suction-pump,  and  they  serve  to  carry 
the  absorbed  food  and  oxygen  to,  and  the  waste  j)roducts  from,  all 
parts  of  the  body. 

All  the  blood  vessels  which  bring  back  the  blood  to  the  heart 
are  known  as  veins,  while  those  which  carry  it  from  the  heart 
are  called  arteries  : the  latter  usually  contain  oxygenated,  the 
former  impure  blood,  but  this  is  by  no  means  always  the  case. 
Many  of  the  veins  are  provided  with  vcdves,  which  are  adapted  to 
prevent  the  reflux  of  the  blood  : they  have  the  form  of  semilunar 
folds  of  the  internal  coat,  and  each  is  usually  made  up  of  two  folds, 

^ According  to  some  embryologists  the  liypoblast  also  takes  part  in  the  forma- 
tion of  the  vascular  system. 

‘‘‘  In  Amphioxus  the  blood  contains  white  corpuscles  only  ; there  is  no  heart, 
and  the  vessels  are  only  partially  comparable  to  those  of  the  Craniata. 
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placed  opposite  to  one  another.  The  arteries  (and  also  certain  of 
the  veins)  divide  up  into  smaller  and  smaller  branches,  eventually 
giving  rise  to  microscopic  tubes  called  capillaries,  the  walls 
of  Avhich  consist  merely  of  a single  layer  of  epithelial  cells, 
and  these  again  unite  to  form  the  factors  of  the  veins.  The  walls 
both  of  veins  and  arteries  consist,  in  addition  to  the  epithelium,  of 
connective  and  elastic  tissue  and  of  unstriated  muscular  fibres,  and  are 
much  thicker  in  the  case  of  the  arteries  than  in  that  of  the  veins, 
in  which  the  muscular  elements  may  be  altogether  wanting. 

The  nucleus  of  the  red  corpuscles  persist,  find  the  whole  cell  is  biconvex, 
in  fill  Vertelji'fites  below  Mfuiniifils  ; find,  even  in  these,  nucleated  red  cells 
nifiy  be  seen  in  tlie  marrow  of  the  bones,  in  the  blood  of  the  spleen,  and 
often  in  that  of  the  ])oi’tfil  vein.  In  fill  other  parts  of  the  body  of  Mammals 
they  lose  their  nuclei  find  become  biconcave.  In  all  Mfimmals,  except  the 
Cfimelidfe,  the  red  corpuscles  hfive  the  form  of  circuhir  discs  ; in  the  last- 
mentioned  group  find  in  fill  other  Vertebrates  except  Cyclostomes  they  are 
ovfil.  They  fire  hirgest  in  certfiin  Urodeles,  being  in  Ampliiuma  as  much 
as  75^  in  their  longest  diameter ; then  come,  in  order,  those  of  other 
I’rodeles  find  of  Dipnoans,  Rejitiles,  Amirans,  Fishes,  Biixls,  find  Mfimmals, 
in  which  hitter  order  they  are  the  snifillest,  varying  in  different  families  from 
2‘5/x  (Trfigulidie)  to  10/ii. 

The  heart  is  enclosed  within  a serous  membrane,  the  pericar- 
dium (Fig.  240c),  which  consists  of  parietal  and  visceral  layers ; 
the  former  is  invested  by  thfe  mediastinum  (p.  298),  and  the  latter 
is  closely  applied  to  the  heart.  Between  the  two  layers  is  a space 
filled  with  lymph,  representing  part  of  the  coelome  ; this  is  usually 
completely  shut  off  from  the  abdominal  cavity,  but  in  Elasmo- 
branchs  the  two  communicate  by  means  of  pericardio-peritoneal 
canals. 

The  heart  arises  either  as  a single  (Elasmobranchii,  Amphibia) 
or  as  a paired  (Teleostei,  Sauropsida,  Mammalia)  tubular  cavity 
in  the  splanchnic  layer  of  the  mesoblast  (comp,  note  on  p.  299) 
along  the  ventral  region  of  the  throat,  close  behind  the  gill-clefts. 
Its  wall  becomes  differentiated  into  three  layers,  an  outer  serous 
(pericardial),  a middle  muscular,  and  an  inner  ejrithelial.  In  this 
respect  it  essentially  corresponds  with  the  larger  vessels,  in  the  walls 
of  which,  as  already  mentioned,  three  layers  can  also  be  distinguished; 
but  in  the  heart  the  muscular  fibres  are  striated.  By  a study  of  its 
development  we  thus  see  that  the  heart  coi’responds  essentially  to 
a strongly  developed  blood-vessel,  which  at  first  lies  more  or  less  in 
the  longitudinal  axis  of  the  body ; later,  however,  it  becomes  much 
more  complicated  by  the  formation  of  various  folds  and  swellings. 
Thus  the  embryonic  tubular  heart  becomes  folded  on  itself  and 
divided  into  two  chambers,  an  atrium  or  auricle  and  a ventricle 
(Fig.  241).  Between  these,  valvular  structures  arise,  which  only 
allow  the  blood  to  flow  in  a definite  direction  on  the  contraction  of 
the  walls  of  the  heart,  viz.,  from  the  atrium  to  the  ventricle ; any 
backward  flow  is  thus  prevented.  The  valves  are  formed  by 
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a differentiation  of  the  muscular  trabeculae  of  the  walls  of 
the  heart.  The  atrium,  into  which  the  blood  enters,  represents 
pi'imitively  the  venous  portion  of  the  heart ; the  ventricle,  from 
which  the  blood  flows  out,  corresponding  to  the  arterial  poi’tion. 
The  venous  end  further  becomes  differ- 


entiated to  form  another  chamber,  the 
sinus  venosv^,  and  the  arterial  end  gives 
rise  distally  to  a truncus  arteriosus;  the 
proximal  end  of  this  {conus  arteriosus')  is 
provided  with  more  or  less  numerous 
valves,  and  its  distal  end  (bulhos  arteriosus) 
is  continued  forwards  into  the  arterial 
vessel  {ventral  aorta). 

The  ventral  aorta  gives  off  right  and 
left  a series  of  symmetrical  afferent  bran- 
chial arteries  (Figs.  2i2,  243),  each  of 
which  runs  between  two  consecutive  gill- 
clefts,  branches  out  into  capillaries  in  the 
gills,  when  present,  and  then  becomes  con- 
tinuous with  a corresponding  efferent 
branchial  artery.  After  the  first  pair  of 
these  has  given  off  branches  to  the  head 
{carotids),  they  all  unite  above  the  clefts 
to  form  a longitudinal  trunk  on  either 
side,  and  there  form  the  right  and  left  roots 
of  the  dorsal  aorta ; this  extends  back- 
wards along  the  ventral  side  of  the  ver- 


Fig.  241. — Diagram  show- 
ing THE  Primitive  Re- 
lations OF  the  Differ- 
ent Chambers  of  the 
Heart. 


Sv,  sinus  venosus,  into 
which  the  veins  from  the 
body  open  ; A,  atrium  ; 

V,  ventricle  ; Ca,  conus 
arteriosus ; Ba,  bulbus 
arteriosus,  from  which  the 
main  artery  arises. 


tebral  axis  into  the  tail  as  a large  unpaired  trunk,  which  gives  off 
numerous  branches — including  paired  vitelline  or  omphcdo-mesenteric 
(trteries  to  the  yolk-sac,  and  (except  in  Fishes  and  Dipnoans) 
cdlantoic  arteries  to  the  embryonic  urinary  bladder  or  allantois 
(pp.  9 and  337,  and  Figs.  8,  9,  242,  244). 

Primarily,  the  blood  becomes  purified  in  the  vessels  which 
branch  out  over  the  yolk-sac,  from  whence  it  is  returned  by  the 
vitelline  or  ornffialo-mesenterie  veins  (Fig.  244).  These  join  with 
the  cdlantoic  veins  and  veins  of  the  alimentary  canal  to  form  what 
eventually  becomes  the vein,  which  divides  up  into 
capillaries  in  the  liver.  These  capillaries  then  unite  to  form  the 
hepatic  veins,  which  open  into  the  sinus  venosus. 

Into  the  sinus  venosus  there  also  opens  on  either  side  a prc- 
ca.val  vein  or  anterior  vena  cava,  which  receives  an  anterior  cardinal 
or  jugular  vein  from  the  head,  and  a posterioi'  cardincd  vein  from 
the  body  generally  (not  including  the  alimentary  canal).  The 
caudal  vein  which  lies  directly  below  the  caudal  aorta,  is  con- 
nected with  the  posterior  cardinals,  usually  indirectly,  through  the 
rencd  ported  veins  (comp.  Fig.  264).  The  further  development  of 
the  embryonic  vessels  may  take  place  in  one  of  three  ways. 

The  embryo  may  either  leave  the  egg,  and  take  on  an  aquatic 
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existence  (Anamnia),  making  use  of  its  branchial  vessels  for  jDnr- 
poses  of  respiration,  the  entire  allantois,  in  the  case  of  the  Am- 


Fig.  242. — Diagram  of  the  Embryonic  Vascular  System. 

(The  portal  system.s  arc  not  slio%vn. ) 

A,  A,  dor-sal  aorta;  BA,  BA,  right  and  left  roots  of  the  aorta,  which  arise  from 
the  branchial  vessels,  Ab,  by  means  of  the  collecting  trunks,  S,  ; c,  c\ 
the  carotids;  Sb,  subclavian  artery;  KL,  gill-clefts;  Si,  sinus  venosus  ; A, 
atrium  ; V,  ventricle  ; B,  truncus  arteriosus ; Fm,  vitelline  veins ; Ain, 
vitelline  arteries  ; Ic,  Jc,  common  iliac  arteries  ; E,  E,  external  iliac  arteries  ; 
All,  allantoic  (hypogastric)  ai’teries ; Acd,  caudal  artery;  VO,  HO,  anterior 
and  posterior  cardinal  veins  ; SE,  subclavian  vein  ; D,  precaval  veins  (ductus 
Cuvierii),  into  which  the  anterior  and  posterior  cardinals  open. 

lahibia,  giving  rise  to  the  bladder.  In  the  Amniota,  which  from 
the  first  breathe  by  means  of  lungs,  a modification  and  reduction  of 


VASCULAR  SYSTEM 


303 


A B C 


Fio.  243.— Diagram  of  the  Arterial  Arches  of  Various  Vertebrates. 

(After  Boas.) 

.4,  embryonic  condition;  Fish  ; G,  Urodele ; D,  Reptile  (Lizard);  E,  Bird; 

F,  Mammal.  The  parts  which  disappear  are  dotted. 
h and  7t,  the  two  first  embryonic  arches,  which  almost  always  disappear  ; 1—4, 
the  four  more  posterior  arches  ; P and  3^  first  and  third  afferent  branchiai 
arteries  ; 1"  and  3",  the  corresponding  efferent  branchial  arteries  ; 2 in  D and 
F,  second  arch  of  the  left  side  ; 2^  in  D,  E and  F,  second  arch  of  the  right 
side  ; a,  b,  c,  the  vessels  into  which  the  ventral  arterial  trunk  is  divided  in 
Reptiles,  Birds,  and  Mammals  ; ao,  dorsal  aorta ; ra,  carotid  ; 7,  pulmonary 
artery  ; a (in  F),  left  subclavian  artery  ; st,  and  a (in  B),  ventral  aorta. 
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the  branchial  vessels  and  allantois  takes  place,  and  the  latter  may- 
even  disappear  entirely  (see  under  Urinary  organs).  In  the  third 
case,  the  embryo  undergoes  a longer  intra-uterine  existence,  the 
allantois  coming  into  close  connection  with  the  walls  of  the  uterus 
by  means  of  the  chorionic  villi ; the  allantoic  vessels  extend  into  the 
Avail  of  the  uterus  and  come  into  more  or  less  close  relations  Avith 


AA 


Fig.  244. — Diagham  of  tiik  Circulation  of  the  Yolk-Sac  at  the  end  of 
THE  Third  Day  of  Incubation  in  the  Chick.  (After  Balfour.) 


H,  heart ; A A,  the  second,  third,  and  fourth  aortic  arches  : the  first  has  become 
obliterated  in  its  median  portion,  but  is  continued  at  its  proximal  end  as  the 
external  carotid,  and  at  its  distal  end  as  the  internal  carotid  ; Ao,  dorsal 
aorta;  L.Of.A,  left  vitelline  artery;  R.Of.A,  right  vitelline  artery;  S.T, 
sinus  terminalis  ; A.  0/,  left  vitelline  vein  ; B.Of,  right  vitelline  vein;  S.V, 
sinus  venosus  ; D.  (7,  ductus  Cuvieri ; S.Ga.V,  anterior  cardinal  or  jugular 
vein;  F. (7a,  po.sterior  cardinal  vein.  The  veins  are  marked  in  outline,  and 
the  arteries  are  made  black.  The  whole  blastoderm  has  been  removed  from 
the  egg,  and  is  supposed  to  be  viewed  from  below.  Hence  the  left  is  seen  on 
the  right,  and  vice  versa. 


the  maternal  vessels,  thus  serving  for  the  respiration  and  nutrition 
of  the  foetus.  In  this  Avay  a placenta  and  a placental  circulation 
arise  (comp.  Fig.  9,  and  pp.  9 and  337). 

On  the  appearance  of  pulmonary  respiration,  important  clianges 
take  27lace  in  the  branchial  vessels  and  heart.  The  formation 
of  a septum  in  both  the  atrium  and  ventricle  leads  to  the  jwesence 
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of  two  atria  or  auricles,  and  two  ventricles,  and  the  conus  arteriosus 
and  sinus  venosus  become  eventually  more  or  less  incorporated  in 
the  ventricles  and  right  auricle  respectively.  Thus  a right  (venous) 
and  a left  (arterial)  half  can  be  distinguished ; and  a new  vessel, 
the  arising  from  the  last  arterial  arch,  becomes 

connected  with  the  right  ventricle  : this  conveys  venous  blood  to  the 
lungs,  while  special  yQ%se\s(jpulmonary'veins)  return  the  oxygenated 
blood  from  the  lungs  to  the  left  auricle,  from  which  it  passes  into  the 
left  ventricle  and  so  into  the  general  circulation  of  the  body.^ 

The  branchial  vessels  never  become  functional  as  such,  in  any 
period  of  development  either  in  Saui’opsida  or  Mammalia ; but  those 
which  persist  give  rise,  as  already  mentioned,  to  important  vascular 
trunks  of  the  head,  neck  (carotids),  anterior  extremities  (sub- 
clavians),  and  lungs  (pulmonary  arteries),  and  also  to  the  roots  of 
the  aorta,  one  or  both  of  which  may  remain  (comp.  Fig.  243). 

The  primitive  number  of  arterial  arches  is  six,  the  first  two  of 
which  (belonging  to  the  mandibular  and  hyoid  arches  respectively) 
almost  always  disappear  early  : in  caducibranchiate  Amphibia 
(including  Anura)  and  in  Amniota,  the  fiftli  arch  also  disappears. 
The  third  gives  rise  to  the  carotid  arch ; the  fourth  of  both  sides 
(AmjDhibia,  Reptilia),  or  of  one  side  (Aves,  Mammalia),  to  the  aortic 
or  systemic  arch,  and  the  sixth  to  the  pidmonary  arch  (Fig.  243). 

From  the  Dipnoi  onwards,  the  posterior  cardinals  become  more 
or  less  completely  replaced  functionally  by  a large  unpaired  vein, 
postcaval  or  posterior  vena  cam,  which  opens  independently  into 
the  right  auricle. 


The  Heakt,  together  with  the  Origins  of  the  Main 

Vessels. 

Fishes  (including  Cyclostomes). — The  heart  in  Fishes  is 
situated  in  the  anterior  part  of  the  body-cavity,  close  behind  the 
head.  It  is  formed  on  the  same  general  plan  as  that  described  on 
p.  300,  consisting  of  a ventricle  with  a truncus  arteriosus  or 
merely  a bulbus  (Cyclostomi,  Teleostei),  and  an  atrium  or 
auricle,  the  latter  receiving  its  blood  from  a sinus  venosus,  and 
being  laterally  expanded  to  form  the  appendAces  auricidcc  (Figs.  245 
and  24G). 

In  con-espondence  with  the  work  which  each  portion  has  to 
perform,  the  walls  of  the  atrium  are  thin,  while  those  of  the  ventricle 
are  much  stronger,  its  muscles  giving  rise  in  the  interior  to  a network 
and  usually  to  a series  of  large  trabeculte  : this  holds  good  through- 
out the  Craniata. 

Between  the  sinus  venosus  and  atrium,  and  also  between 
ventricle  and  atrium,  membranous  valves  are  present ; there  are 
primarily  two  atrioventricular  valves,  but  they  maybe  further  sub- 
divided. Numerous  valves,  arranged  in  rows,  are  present  in  the 
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muscular  conus  arteriosus  (Fig.  246,  A) : these  are  most  numerous, 
Elasmobianohs  and  Ganoids.  There  is  a tendeiicj',  however  for 
the  posterior  valves,  or  those  wliich  lie  nearest  the  ventricle,. 


Fig.  245. — Heart  of  A,  Zyijana  malleus,  from  the  ventral  .side  ; ]3,  of  Acan- 
thias  vuUjaris,  frobi  the  dorsal  side,  bvith  the  atrium  cut  open  (after 
Rose) ; C,  OF  A Teleost  [Silurus  (jlanis). 


A,  A,  atria;  a,  a,  auricular  appendages;  V,  ventricle  ; tr  (in  B)  and  Ba  (in  C), 
Indbus  arterio.sus  ; <?•  (in  A)  and  co  (in  B),  conus  arteriosus,  tr  (in  C),  ventral 
aorta. 

D.C.d  and  D.C.s,  right  and  left  precavals  ; V.a.d.  and  V.a.s,  right  and  left 
valve  of  the  sinus  venosus ; O.a.v,  atrio-ventricular  apertui’e  ; l,a — 4, a, 
ati'erent  branchial  arteries. 


gradually  to  undergo  reduction  (b).  The  most  anterior  row  always 
persists,  and  corresponds  to  the  single  row  of  valves  between  the 
ventricle  and  bulbus  in  Teleosts  (c)  and  Cyclostomes.  Together 
with  the  reduction  of  these  valves,  the  conus  arteriosus  also  be- 
comes reduced  in  the  last-mentioned  forms,  so  that  the  non- 
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contractile  bulbus  arteriosus  usually  lies  close  against  the  ventricle 
(Fig.  246,  c). 

The  heart  of  Fishes  contains  venous  blood  only,  which  it  forces 


Fig.  246. — Diagrammatic  Longitudinal  Section  through  the  Hearts  of 
\arious  Fishes.  (From  Boas’s  Zoology.)  A,  Fish  with  well  developed 
conus  anteriosus  (e.g.,  Elasmohranch) ; B',  Amia  ; C,  a Teleost.  In  B and  C 
the  sinus  venosus  and  atrium  are  not  indicated. 

a,  atrium  ; b,  bulbus  arteriosus  ; c,  conus  arteriosus  ; I,  valves  ; sinus  venosus  • 

(,  ventral  aorta  ; v,  ventricle. 

through  the  afferent  branchial  arteries  (Figs.  243,  B,  245,  c,  and  264) 
into  the  capillaries  of  the  gills,  where  it  becomes  oxygenated,  to 
pass  thence  into  the  efferent  branchial  arteries,  and  so  into  the 
aortic  roots. 

Dipnoi. — In  the  Dipnoi,  as  in  Fishes  proper,  the  heart  lies 
far  forwards,  near  the  head.  In  correspondence  with  the  double 
mode  of  respiration,  by  lungs  as  well  as  by  gills,  it  reaches  a 
stage  of  development  mid-way  between  that  seen  in  Elasrao- 
branchs  and  in  Amphibians  (Figs.  247  and  248).  The  atrium 
becomes  divided  into  a k/^  and  a rirjht  chamber  by  a septum,  as 
does  also  the  ventricle  to  some  extent,  owing  to  the  presence  of 
a cushion  composed  of  muscular  fibres  and  connective-tissue  (Fig. 
247)  situated  between  the  atrium  and  ventricle,  and  extending 
into  both  of  these  chambers ; this  acts  as  a valve,  ordinary  atrio^ 
ventricular  valves  being  absent.  The  sinus  venosus,  from  the 
Dipnoi  onwards,  opens  into  the  right  atrium. 

The  conus  arteriosus  is  twisted  spirally  on  itself  (Fig.  248) : in 
Ceratodus  it  is  provided  with  eight  transverse  rows  of  valves,  and 
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i.-v.c 


l.poat.car  l.oJvtx;aT 


i.br 
&.br 
)3.br 


7:br.i^ 


-ptclrvein. 


— 7y.post.ca,rd  i 


tl.a, 

Fi«.  248. 

Fifj.  247. — Heakt  of  Proloplerm  anneclens.  From  the  left  side,  part  of  the 
wall  of  the  left  atrium  being  removed.  (After  Rose. ) 

IF,  fibrous  cushion  extending  into  the  ventricle ; Si.v,  sinus  venosus,  witliin 
which  tlie  pulmonary  vein  {Lo)  extends  to  open  into  the  left  auricle  by  a 
valvular  aperture ; L.  Vh  and  Jl.  Vh,  left  and  right  atria ; S.a,  septum 
atriorum  ; Co,  conus  arteriosus. 

Fig.  248. — Ceratodns  foraleri.  Di.agr.amm.vtic  View  of  the  Heart  and  Mai.x 
73lood  Vessels  as  seen  from  the  Ventral  Surface.  (From  Parker  and 
Haswell’s  Zoology,  after  Baldwin  Spencer.) 

a(f.  1,  2,  3,  4,  afferent  branchial  arteries  ; 1 6r,  2 h',  3 hr,  4 hr,  position  of  gills  ; 
c.a,  conus  arteriosus;  d.a,  dorsal  aorta;  d.c,  ductus  Cuvieri ; epi.l,  epi.'l, 
epi.^,  epiA,  efferent  branchial  arteries  ; hy.art,  hyoidean  artery  ; i.  v.  c,  post- 
caval vein  ; 1. ant. car,  left  anterior  carotid  artery;  l.aiir,  left  auricle  ; l.hr.v, 
left  brachial  vein;  l.jug.v,  left  jugular  vein  ; l.post.car,  left  posterior  caro- 
tid artery  ; rare?,  left  posterior  cardinal  vein  ; Lpnl.art,\eit  pulmonary 

artery  ; l.sc.v,  left  sub-scapular  vein  ; r. ant. car,  right  anterior  carotid  artery  ; 
r.aur,  right  auricle  ; r.hr.v,  right  bi'achial  vein  ; r.jmj.v,  I’ight  jugular  vein  ; 
r.pOHt.car,  right  posterior  carotid  ; r.pul.art,  right  pulmonary  artery  ; r.sc.v, 
I’ight  sub-scapular  vein  ; vent,  ventricle. 


begins  to  be  divided  into  two  chambers.  In  Protopterus  this  divi- 
sion is  complete,  so  that  two  currents  of  blood,  mainly  arterial  and 
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mainly  venous  respectively,  pass  out  from  the  heart  side  by  side. 
The  former  comes  from  the  pulmonary  vein,  from  which  it  passes 
into  the  left  atrium,  thence  into  the  left  side  of  the  ventricle,  and 
so  to  the  two  anterior  branchial  arteries.  The  venous  current, 
on  the  other  hand,  passes  from  the  right  side  of  the  ventricle  into 
the  third  and  fourth  afferent  branchial  arteries  and  thence  to  the 
corresponding  gills,  where  it  becomes  purified  ; it  reaches  the  aortic 
roots  by  meanr of  the  efferent  branchial  arteries.  The  paired 
')iioncii'y  oA'te>Ty  arises  from  the  fourth  efferent  branchial  in  Ceiatodus 
(Fig.  248),  and  from  the  aortic  root  in  Protopterus  and  Lepidosiren, 
that  of  the  right  side  bifurcating  to  supply  the  dorsal  surface  of  the 
lung  or  lungs  (p.  288),  while  that  of  the  left  side  supplies  the 
ventral  surface.  The  two  pulmonary  veins  unite  to  form  a median 
trunk  Avhich  becomes  closely  connected  with  the  sinus  venosiis,  so 
as  to  appear  sunk  within  its  walls  (Fig.  247).  Thus  the  blood 
becomes  once  more  purified  before  it  passes  into  the  left  ventricle. 
A.  postcaval  vein,  present  from  the  Dipnoi  onwards,  opens  into  the 
sinus  venosus  posteriorly  to  the  precavals,  and  with  it  the  hepatic 
veins  communicate  (Figs.  248  and  267). 

Amphibia. — With  the  exception  of  the  Gymnophiona,  in  which 
it  is  situated  some  distance  back,  the  heart  in  all  Amphibians  lies  far 
forwards,  below  the  anterior  vertebrae.  A septum  atriorum  is  well 
developed,  but  in  Urodela  and  Gymnophiona  it  is  more  or  less  fenes- 


A B 


Fic.  249. Diagram  showing  tiik  Cogrsk  ok  the  Blood  through  the  Heart 

IN  f/rot/ft/a  (A)  AND  Anara(\i). 

A,  right  atrium  ; A',  left  atrium  ; V,  ventricle;  h\  conus  arteriosus,  diviclecl  in 
Anura  (B)  into  two  portions,  tr,  ; through  tv  venous  hlood  passes  into  the 
pulmonary  arteries,  Ap',  Ap\  while  through  fr’  mixed  blood  goes  to  the 
carotids,  d — ce,  and  to  the  i-oots  of  the  aorta,  7ib4  ; /r,  Ir,  pulmonary  veins  ; 
r,  V,  pre-  and  post-cavals  (only  one  precaval  is  indicated). 

trated  (Fig.  250).  There  are  always  two  fibrous,  pooket-likc  atrio- 
ventricular valves,  which  are  connected  with  the  walls  of  the 
ventricle  by  cords.  The  two  pulmonary  veins  unite  before  opening 
into  the  left  atrium. 
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The  cavity  of  the  ventricle  is  unpaired,  and  neither  in  TJrodela 
nor  Anura  shows  any  trace  of  a septum,  so  that  the  blood  passing 
out  from  it  must  have  a mixed  character  (Fig.  249).  The  ven- 
tricle is  usually  short  and  compressed,  but  is  more  elongated  in 
Amphiuma,  Proteus,  and  the  Gymnophiona.  It  is  continued  an- 
teriorly into  a conns  arteriosus,  as  in  Elasmobranchs,  Ganoids,  and 
Dipnoans ; this  has  usually  a slight  spiral  twist,  and  possesses  a 
transverse  row  of  valves  at  either  end,  as  well  as  a spiral  fold  ex- 
tending into  its  lumen. ^ This  holds  good  for  the  Axolotl,  Amblystoma, 


Fi(!.  2.)0.— Hk.uit  ok  Cryytohranvhm  jajmnirm.  From  the  ventral  side.  (After 
lliise.)  The  left  atrium  is  cut  open. 

S.a,  septum  atriorum,  perforated  by  numerous  small  apertures;  L.v,  L.v^,  the 
two  pulmonary  veins,  opening  by  a single  aperture  into  the  left  atrium  ; 0.ai\ 
atrio-ventricular  aperture  ; i“,  the  four  arterial  arches  ; P.d.  andi^s,  left 
and  right  pulmonary  arteries  ; tv,  truncus  arteriosus  ; L.  Vh,  P.  Vh,  left  and 
right  atria  ; V.s.d  and  F..s..s,  subclavian  veins  ; F./tZand  V.j.s,  jugular  veins  ; 
V.c.d,  V.c.n,  posterior  cardinal  veins  ; V.c.i,  postcaval  vein. 

Salamandra,  Amphiuma,  and  Siren.  In  others  (e.g.,  Necturus, 
Proteus,  Gymnophiona),  retrogression  is  seen  in  a lengthening  of 
the  conus,  the  disappearance  of  the  spiral  fold,  and  the  jjresence  of 
only  a single  row  of  valves. 

In  Anura,  the  fold  lying  within  the  conus  extends  so  far  back 
that  no  undivided  portion  of  the  cavity  is  left.  The  consequence 
of  this  is  that  the  blood  passir)g  into  the  hindermost  pair  of  the 
arterial  arches — that  from  which  the  pulmonary  arteries  arise — is 
mainly  venous,  while  the  others  contain  more  or  less  mixed  blood 
(Fig.  249,  b)  ; for,  owing  to  the  spongy  nature  of  the  ventricle,  there 

^ Tliis  spiral  fold  corresponds  to  a series  of  fused  valves. 
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is  no  time  for  its  contained  blood  to  get  thoroughly  mixed  before  it 
is  forced  into  the  conus. 

As  in  the  Dipnoi,  four  afferent  branchial  arteries  (big.  woU) 
arise  on  either  side  from  the  short  conus  in  the  Amphibia  which 
taking  as  a type  the  larva  of  Salamandra  have  the  follow- 
ing relations  (comp.  Fig.  243,  c).  , -n  + r. 

The  three  anterior  arteries  pass  to  numerous  external  gnl-tutts, 
in  which  they  break  up  into  capillaries  (Fig.  251).  From  the  latter 
three  efferent  vessels  arise,  which  pass  to  the  dorsal  side,  ancl  there 
unite  on  either  side  to  form  the  aortic  root.  The  fourth  afferent 


branchial  artery,  which  is  smaller  than  the  others,  does  not  pai^  to 
a <n\\,  but  to  the  pulmonary  artery,  which  arises  from  the  third 
efferent  branchial.  The  pulmonary  artery,  therefore,  contains  far 
more  arterial  than  venous  blood,  and  thus  the  lungs  of  the  Sala- 
mander larva,  like  the  air-bladder  of  Fishes,  can  only  be  of 
secondary  importance  in  respiration. 

The  interned  carotid  arises  from  the  first  afferent  brmichial 
artery,  towards  the  middle  line,  the  externed  carotid  coming  off 
further  outwards  (Fig.  251).  The  latter,  as  it  passes  forwards, 
becomes  connected  with  the  first  afferent  branchial  by  net-like  anas- 
tomoses, and  these  give  rise  later  to  the  so-called  “ carotid  gland 

‘The  “ carotid  ghind”  lose.s  its  character  as  a rate  miralnie  (comp.  p.  33.3), 
and  in  tlie  adult  consists  simply  of  a muscular  ve.sicle  with  septa  in  its  interior. 


t , 


Fig.  -i-jl.— The  Akteki.vl  Arches  ok 


. 'Phk  Akteki.vl  Arches  ok  the  L.\rv.\  ok  .v  Sal.\maxder.  (Slightly 

diagrammatic.)  (After  J.  E.  V.  Boas.l 
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of  the  adult,  which  probably  functions  as  an  accessory  heart.  Direct 
connections  exist  between  the  second  and  third  afferent  and 
efferent  arteries. 

Towards  the  end  of  the  larval  period,  the  second  efferent  bran- 
chial artery  increases  considerably  in  relative  size,  and  the  fourth 
arterial  arch  also  becomes  larger.  By  a reduction  of  the  anasto- 
mosis with  the  third  arch,  the  fourth  carries  most  of  the  blood  for 
the  iDulmonary  artery,  and  the  latter  thus  now  contains  more  venous 
than  arterial  blood.  When  branchial  respiration  ceases,  the  anasto- 
moses between  the  afferent  and  efferent  branchial  arteries  no  longer 
consist  of  capillaries,  but  a direct  connection  between  them  be- 
comes established  (Fig.  252).  Finally,  the  connection  between  the 


Fi(i.  Ahtkiu.ai,  Akciiks  op  .vx  Aoclt  Hatanmndra  maculosa,  snowK 

si'KKAi)  OUT.  (After  J.  E,  V.  Jioas. ) 


CO,  Ir,  trmicus  iirteriosus  ; 1 to  4,  tlics  four  arterial  urclies  ; re,  external  carotkl  ; 
cd,  “ carotid  gland  ” ; ci,  internal  carotid.  Tlie  fourth  arterial  arch,  which  gives 
rise  to  the  puhnonai’y  artery  (Ap),  has  increa.sed  considerably  in  size  relatively, 
and  is  only  connecteil  by  a delicate  ductus  Botalli  (f)  with  the  secondhand 
third  arches  ; II A,  root  of  the  aorta  ; tc,  cesophageal  vessels. 

first  and  second  branchial  arches  disappears,  the  former  giving 
rise  to  the  carotid  and  the  latter  forming  the  large  aortic  root ; 
an  anastomosis  remains  throughout  life,  however,  between  the 
fourth  arch,  Avhich  forms  the  pulmonary  artery,  and  the  second  and 
third  arches.  This  is  usually  spoken  of  as  the  ductus  Botalli. 

The  third  arch  varies  greatly  in  its  development ; it  may  be 
present  on  one  side  only,  or  may  even  be  entirely  wanting. 

In  the  larva)  of  Anura  there  are  also  four  afferent  branchial 
arteries  present  on  either  side,  but  these  are  connected  with  the 
corresiDonding  efferent  vessels  by  capillaries  only,  there  being  no 
direct  anastomoses  (compare  Fig.  251).  The  consequence  of  this 
is  that  all  the  blood  becomes  oxygenated. 

In  the  adult  Frog  the  third  arterial  arch  becomes  entirely 
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obliterated,  and  there  is  no  ductns  Botalli : the  other  vessels  re- 
semble those  of  the  Salamander.  In  lungless  forms  (p.  290)  a 
correlative  reduction  of  the  pulmonary  vessels  occurs. 

Reptiles. — As  in  all  Amniota,  the  heart  of  Reptiles  arises  far 
forwards  in  the  neighbourhood  of  the  gill-clefts,  but  on  the  foima- 
tion  of  a neck  it  comes  to  lie  much  further  back  than  is  the  case  in 


A 


B 


Fui.  253. — Hkakt  oi'’  A,  Lacerta  maraliv,  and  Br 
OK  A Lakok  Varan  uh,  shown  cut  open  ; C, 
Diacram  ok  the  Reptilian  Heart. 

V,  U,  ventricles  ; A,  A\  atria  ; tr,  Trra,  innomi- 
nate trunk  ; i,  first  anil  second  arterial 
arclies  ; Ap,  Ap^,  pulmonary  arteries  ;=! 
pulmonary  vein  ; t and  *,  right  aud^  left 
aortic  arches  ; HA,  root  of  aorta  ; Ao,  dorsal  aorta  ; Ca,  Co.',  carotids  ; Anr, 
suhclavian  arteries.  J,  jugular  vein  ; Rv,  subclavian  vein  ; Ci,  postcaval  ; these 
tliree  veins  ojien  into  the  sinus  venosus,  which  lies  on  the  dorsal  side  of  the 
heart,  above  the  point  indicated  by  the  letter  H.  In  the  diagram  C the  pre-  and 
postcavals  are  indicated  by  F^e,  F'^e,  only  one  precaval  being  rejiresented. 


the  Anamnia.^  The  carotid  arteries  and  jugular  veins  are  thus 
correspondingly  elongated. 

The  principal  advance  in  structure  as  compared  with  the  Am- 
phibian heart  is  seen  in  tlie  appearance  of  a muscular  x&ntricular 

’ It  i.s  situated  furthest  forwards  in  the  majority  of  Lizards  and  in  Chelonians  : 
in  Amphisbicnians,  Snakes  and  Crocodiles  it  lies  much  further  liack. 
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septum,  which  may  be  incomplete,  as  in  Lizards  (Fig.  253,  b), 
Snakes,  and  Chelonians,  or  complete,  as  in  Crocodiles. 

The  conus  arteriosus  now  becomes  practically  absorbed  into 
the  ventricular  portion  of  the  heart,  and  each  aortic  I’oot  may  be 
made  up  at  its  origin  of  two  arches,  anastomosing  with  one  another 
(Lacerta,  Fig.  243,  a),  or  of  one  only  (certain  Lizards,  Snakes, 
Chelonians,  and  Crocodiles,  Figs.  253,  b,  255),  from  which  the 
carotid  artery  arises  directly.  The  left  and  right  aortic  arches  cross 
at  their  base,  so  that  the  left  arises  on  the  right  side,  and  vice 
vcrsa.^  The  most  posterior  arterial  arch  gives  rise  to  the  pul- 
monary artery  (comp.  Fig.  243,  d). 

The  blood  from  the  right  ventricle  passes  into  the  pulmonary 
artery  as  well  as  into  the  left  aortic  arch,  and,  according  as  the  septum 


Fio.  'i.')!.  — Hk.vrt  ui-'  Cydodim  bodilatrtei.  From  the  dorsal  siile.  (After  Rose). 
'J'lie  sinus  venosiis  is  almost  entirely  absorbed  into  the  right  atrium. 

D.C.x,  /J.C'.tZ,  ])recaval  veins  ; V.c.t,  posteaval  vein;  V.j.d,  jugular,  F.s.cZ,  sub- 
clavian, and  V.C.d.  posterior  cardinal  vein  of  the  right  side.  L.v,  pulmonary 
vein  ; P.»,  P.d,  pulmonary  arteries  ; An./<,  An,  innominate  arteries  ; Ao.ahd, 
dorsal  aorta;  spatium  intersepto-valvulare  (comp.  Fig.  257). 

ventriculorum  is  complete  or  incomplete,  is  either  entirely  venous 
(Crocodiles)  or  mixed  (other  Reptiles,  Fig.  253,  c). 

The  valves  of  the  heart  have  undergone  a considerable  reduction 
in  Reptiles : at  the  origin  both  of  the  aorta  and  of  the  pulmonary 
artery  there  is  only  a single  row ; this  is  also  the  case  in  all  other 
Amniota.  In  Crocodiles  the  right  atrio-ventricular  aperture  is 
guarded  by  a large  muscular  valve  on  the  right  (outer)  side  of  the 
aperture. 

The  sinus  venosus,  which  even  in  the  Amphibia- — especially 
Anura — shows  indications  of  becoming  sunk  into  the  right  atrium, 
is  now  usually  no  longer  recognisable  as  a distinct  chamber  ex- 

* A .small  aperture  of  communication  between  the  two  aortic  roots,  the  foramen 
Panizzo;,  exists  in  Crocodiles. 
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ternally  (Figs.  254 — 256).  It  becomes  partially  divided  into  two 
portions  by  a septum  ; and  the  left  pi’ecaval,  opening  on  the  left  of 


Fi(!.  255.  Fiu.  ‘-^56. 

Fig.  255. — Hk.vkt  ok  a Young  Orocodilu.s  niloticu.s.  From  the  dorsal  side. 

(After  Rose). 

7V.CC,  common  carotid  ; .S'.-t,  S.d,  subclavian  arteries  ; A.s  and  A.d,  left  and  right 
aortic  arches  ; A.m,  me.senteric  artery  ; L.  V.h,  R.  V.li,  left  and  right  atria  ; 
V.c.c,  coronary  vein.  Other  letters  as  in  Fig.  244. 

Fig.  256. — Hkart  of  CrocodUm  niloticiui.  From  the  right  side.  (After  Rose). 

Fart  of  the  wall  of  the  right  atrium  is  removed. 

O.a.v,  atrio-ventricular  aperture  ; Va.d  and  Va.-t,  the  two  sinu-auricular  valves, 
the  white  line  between  which  is  the  margin  of  tlie  sinu-atrial  septum.  Other 
letters  as  in  Figs.  244  and  245. 


this  septum,  may  appear  to  enter  tlie  right  atrium  independently 
(e.ff.,  Snakes.)  The  pulmonary  veins  unite  into  a single  trunk 
before  entering  the  left  atrium. 

Birds  and  Mammals. — In  these  Classes,  the  atrial  and  ventri- 
cular septa  are  always  complete,  and  there  is  no  longer  any  mixture 
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of  the  arterial  and  venous  blood.  The  muscular  walls  of  the  ventricle 
are  strongly  developed  and  very  compact.  This  is  particularly  the 
case  in  the  left  ventricle,  on  the  inner  wall  of  which  the  'pa'pillary 
oimscles  are  well  developed  : the  left  ventricle  is  jDartially  surrounded 
by  the  right,  the  cavity  of  the  latter  having  a semilunar  transverse 
section,  and  its  walls  being  much  thinner  than  those  of  the  former 
(Fig.  2oS). 

In  both  Birds  and  Mammals  the  blood  from  the  head  and  body 
passes  by  means  of  the  precavals  and  postcaval  into  the  right 


Fi(i.  2.")7. — Hkaht  ok  (ioosK  (Aimer  ritliiaris),  disskctei)  fkom  the  right  side. 

(After  Riise.) 

The  riglit  atrium  ami  ventricle  are  eut  open,  and  tlieir  walls  reflected.  S.a, 
septum  atriorum  ; L.  Vi,  limbus  Vienssenii — a ridge  arising  from  the  ventral 
wall  of  the  right  atrium  ; tlie  space  between  this  and  tlie  sejitum  atriorum  is 
known  as  the  spatium  intersepto-valvulare  (comp.  Figs.  2o4  and  255).  V.am, 
V.a.d,  the  two  sinu-auricular  valves,  situated  at  the  entrance  of  the  postcaval  ^ 
MK,  MK' , muscidar  right  atrio-ventricular  valve  ; ..4o,  aorta  ; V.e.s.d,  riglit 
precaval ; J'.c.r,  aperture  of  coronary  vein. 


atrium,  as  docs  also  that  from  the  walls  of  the  heart  through  the 
coronary  vein  ^ (Figs.  257,  259,  260,  b),  and  the  sinus  venosus — 
esjjecially  in  Mammals — is  scarcely  recognisable  (Figs.  257,  230) : 
the  right  atrium  is  separated  from  the  right  ventricle  by  means  of 
a well-developed  valve.  In  Birds  (Fig.  257)  this  valve  resembles 
that  of  Crocodiles,  and  is  very  large  and  entirely  muscular,  while  in 
most  Mammals  it  consists  of  three  membranous  lappets  (tricuspid 

1 Coronary  veins  are  pre.sent  in  most  of  tlie  lower  Vertebrates  also  (comp,  e.y., 
Fig.  255),  and  the  heart  is  supplied  with  arterial  blood  b}'  coronary  arteries,  usually 
arising  in  Fishes  from  a hypobranchial  artery  connected  with  the  efi'erent  branchials 
or  siibclavians,  and  in  higher  forms  from  the  base  of  the  aorta. 
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valve)  to  which  are  attached  tendinous  cords/  arising  from  the 

papillary  muscles.  . . . , 

In  Birds  the  left  atrio-ventricular  aperture  is  provided  with  a 

valve  consisting  of  three  membranous  folds  : in  Mammals  there  are 
only  two  folds,  and  the  yalve  is  therefore  known  as  the  Ucuspid  ox 
mitral ; three  semilunar  pocket-like  valves  are  also  present  at  the 
origins  of  the  artery  and  aorta  in  both  Birds  and 

As  reo-ards  the  origin  of  the  great  vessels,  Birds  are  distinguished 
from  Mammals  by  the  fact  that  in  them  the  right,  while  in  Mammals 


Fig.  258.  Ido.  259. 

Fig.  258.-Traxsver.sk  Section  through  the  Ventricles  of  Griis  cinerea. 
Vd,  right,  and  V(j,  left  ventricle  ; 8,  septum  ventricnloruin. 


Fig.  259. — Heart  of  Oniithorhynchun  qmradoxm.  From  the  dorsal  side. 

(After  Rose.) 

F.c.<i.«,  F.c.s.^Z,  precaval  veins  ; F.r.f,  postcaval ; V.c.v,  coi’onary  vein  ; F.c.s.s, 
coronary  sinus  ; L.v,  pulmonary  veins  ; Ao,  aorta  ; F.x,  P.d,  pulmonary 
arteries;  li.V.L,  right  atrium  ; S.p.i,  Spatium  intersepto-valvulare. 

the  left  aortic  arch  persists  (Fig.  243,  E,  f)  ; the  corresponding  arch 
of  the  other  side  in  both  cases  gives  rise  to  part  of  the  subclavian 
artery.  Thus  in  both  Birds  and  Mammals  there  is  only  a single 
aortic  arch.  As  in  Amphibians,  the  posterior  arterial  arch  gives 
rise  to  the  pulmonary  artery.  The  pulmonary  veins,  two  from 
each  lung,  open  close  together  into  the  left  atrium  (Fig.  25U). 

Amongst  the  more  important  points  in  the  development  of  the 
heart  may  be  mentioned  the  fact  that  in  the  embryo  the  two  atria 
communicate  with  one  another  secondarily  by  means  of  the  foramen 
ovale,  through  which  the  blood  from  the  postcaval  passes  into  the 
left  ventricle  (Fig.  2G0).  This  foramen  closes  up  when  the  lungs 

^ There  are  no  cliordiu  tendineai  in  Monotremes,  tlie  heart  of  which  in  many 
respects  resemhles  that  of  the  !8auropsida. 
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come  into  use,  but  its  jDosition  can  still  be  recognised  as  a tbin  area 
i^fossa  Qians')  in  the  atrial  septum,  surrounded  by  a fold  (annulus 
ovalis).  Extending  from  this  to  the  base  of  the  jDostcaval  and  right 
precaval  respectively  ai'e  two  folds,  known  as  the  Eustachian  and 


Vc.s. 


Fic.  2G0.— Hkakt  ok  Human  Fcktus  (8th  Montii)-  A,  From  the  right,  and  15, 
from  tlie  left  side.  (After  Riise.)  The  walls  of  tlie  atrium  and  ventricle  are 
partly  removed  in  each  figure. 

Va.n,  left  sinu-auricular  valve,  fused  with  the  septum  atriorum  {S.a,V.a.f); 
Va.Tli,  Thebesian  valve,  in  direct  connection  with  the  Eu.stachian  valve 
(Va.E) ; L.  V,  left  atrium  ; F.o.v,  foramen  ovale  ; V.c.fi,  left  precaval ; V.c.i, 
postcaval;  H.o,  aorta;  P,  P.tl,  P..s,  pulmonary  artery;  DB,  ductus  Botalli 
(ductus  arteriosus) ; L.v.  pulmonaiA-  vein  ; V.r.r,  coronary  vein. 

Thebesian  valves  (Fig.  260,  a)  ; tliese  represent  the  remains  of  the 
right  sinu-auricular  valve,  and  serve  in  the  embryo  to  conduct  the 
blood  from  the  right  atrium  into  the  left. 

Great  variations  are  seen  in  the  mode  of  origin  of  the  carotids 
and  subdavians  from  the  arch  of  the  aorta  in  Mammals.  Thus 


I’m.  261. — Fivk  ])ifkk7{k:nt  Mooes  ok  Okigin  ok  the  Great  Vessels  from 
THE  Arch  of  the  Aorta  in  Mammals. 


Ao,  aortic  arch  ; Ih,  the,  brachiocephalic  trunk  ; c,  carotids  ; s,  subdavians. 


there  may  be  a hrachiocephalic  or  innominate  trunk  on  either  side 
(Fig.  261,  a)  ; or  an  unpaired  common  brachiocephalic,  from  which 
the  carotid  and  subclavian  of  one  or  both  sides  arise  (B,  C,  E) ; or, 
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finally,  a common  trunk  of  origin  for  the  carotids,  the  subclavians 
arising  independently  on  either  side  of  it  fD). 


Artekial  System. 

The  essential  relations  of  the  carotid  arteries,  dorsal  aorta,  and 
pulmonary  arteries,  as  well  as  the  embryonic  vitelline  arteries,  have 
already  been  dealt  with  (pp.301-305, Figs.  242,  264,  dec.).  An  external 
carotid  and  an  internal  carotid  arise  on  either  side  independently  from 
the  anterior  efferent  branchial  arteries  in  Fishes  and  Dipnoans,  but 
from  the  Amphibia  onwards  these  vessels  are  formed  by  the  bifurca- 
tion of  each  common  carotid.  In  these  higher  types,  the  internal 
carotid  passes  entirely  into  the  cranial  cavity,  and  supplies  the  brain 
with  blood,  while  the  external  carotid  goes  to  the  external  parts  of 
the  head  (face,  tongue,  and  muscles  of  mastication). 

The  origin  of  the  subclavian  artexy,  which  supplies  the  anterior 
extremity,  is  very  inconstant,  being  sometimes  symmetrical,  some- 
times asymmeti’ical.  It  ai’ises  either  in  connection  wdth  the 
posterior  efferent  branchial  vessels,  or  from  the  I’oots  or  main  trunk  of 
the  aorta  (Figs.  262-264,  &c.).  Extending  outwards  towards  the  free 
extremity,  the  subclavian  jxasses  into  the  hracTiial  artery,  from 
Avhich  a dorsal  and  a ventral  branch  arise,  and  these  subdivide  again  in 
the  limb. 

From  the  dorsal  aorta,  in  which  a thoracic  and  an  abdominal 
poi’tion  ca.n  be  distinguished  in  Mammals  in  addition  to  the  caudal 
portion,  arise  parieted  (intercosted , lumbar'),  and  cceliccc,  mesenteric, 
and  urinogenital  arteries,  supplying  the  body-walls  and  viscei’a  re- 
spectively. These  all  vary  greatly  both  in  number  and  relative 
size  ; thus,  for  instaixce,  there  is  sometimes  a single  cceliaco-mesen- 
tcric  axiexy  (Fig.  262),  sometimes  a separate  coeliac,  and  one  or  more 
mesenteric  arteries  (Fig.  264);^  the  renal  and  genital  arteries  also 
vary  in  number  and  arrangement.  All  the  branches  of  the  dorsal 
aorta,  however,  present  primarily  an  approximately  metamei’ic 
character,  their  number  becoming  more  or  less  reduced  owing  to  a 
concentration  of  the  vessels,  which  is  moi’e  marked  in  shoi't-bodied 
than  in  long-bodied  Vertebrates. 

The  aorta  is  continued  posteriorly  into  the  caudal  artery,  which 
usually  lies  within  a coelomic  canal  enclosed  by  the  ventral  arches  of 
the  vertebrae  (Figs.  262-264) ; the  degree  of  its  development  is 
naturally  in  correspondence  with  the  size  of  the  tail.  In  cases 
where  the  latter  is  rudimentary,  as  in  Anthropoids  and  Man  fox- 
instance,  the  caudal  aorta  is  spoken  of  as  the  median  sacral  artery, 
and  the  aorta  here  appears  to  be  directly  continued,  not  by  it,  but 

’ The  atliac  typically  supjilies  the  stomach,  liver,  and  spleen  ; one  or  more 
nraerior  mentnltric»  the  whole  intestine  witli  the  e.xception  of  tlie  rectum,  as  well 
as  the  pancreas  ; and  a posterior  menentaric  the  rectum. 
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MA 


Fio.  262. — The  Ahtebiae  iSystesi  of  Salamandra  maculom. 

BA,  roots  of  tlie  aorta  ; Ao,  Ao,  dorsal  aorta  ; Sc,  subclavian  artery,  from  wliieh 
tlie  cutaneous  artety  {Cu)  arises  : the  latter  anastomoses  posteriorly  with  tlie 
epigastric  artery  E ; Or,  ovarian  arteries ; Cm,  cceliaco-mesenteric ; H, 
liepatic  artery  ; I,  I,  I,  anterior  mesenteric  arteries  passing  to  tlie  small 
intestine  ; M,  M,  posterior  mesenteric  arteries  ; B,  B,  renal  arteries  ; He, 
common  iliac  ; Or,  crural  artery  ; Hy,  liypogastric  artery ; A,  A,  vesical 
(allantoic)  arteries;  Aoc,  caudal  aorta;  B,  pharynx  and  (esophagus;  m, 
stomach  ; p,  pancreas  ; (,  liver ; d,  d,,  small  intestine  ; c,  rectum  ; Bl,  urinary 
bladder ; C'/,  cloaca. 
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Fi(!.  263. — Tiik  AitTERiAb  System  oe  Emyn  eurojwa. 

Tr,  Irachea  ; Hr,  Hr,  the  two  bronchi ; m,  stomach  ; d,  d,  amall  intestine  ; e, 
large  intestine  ; pulmonary  artery  ; Car,  common  carotids,  with 

tracheal  and  (esophageal  branches  (7V,  Oe);  »SV,  subclavian  artery;  Fer, vertebral 
artery  ; HA,  roots  of  the  aorta  ; Ao,  dorsal  aorta  ; Co,  Co\  and  Me,  cieliaco- 
mejsenteric  artery,  which  here  arises  as  a bundle  of  separate  vessels  ; [/(/, 
urinogenital  arteries ; Cr,  crui-al  artery  ; E,  epigastric  artery  ; sciatic 
artery  ; MB,  posterior  mesenteric  arteries  ; C,  caudal  aorta. 

Y 
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by  the  co7?i7?io?i  ^7^ac  a^'im’cs,  which  pass  outwards  into  the  pelvic 
region. 

Each  common  iliac  artery  becomes  divided  into  an  internal 
iliac,  or  hyiJogastric,  supplying  the  viscera  of  the  pelvis,  and 
derived  from  the  proximal  portion  of  the  embiyonic  allantoic 
ai’tery,  and  an  external  iliac,  which  is  continued  into  the  crural  or 
femoral  and  supplies  the  hinder  extremity  (Fig.  262).  In  some 
cases  the  internal  and  external  iliacs  come  off  separately  from  the 
aorta  (Fig,  263).  The  function  of  the  femoral  may  be  largely  taken 
by  a sciatic  artery  arising  separately  from  the  aorta  (Birds).  The 
main  vessels  again  branch  out  in  the  limb. 


Venous  System. 

Fishes. — Taking  the  Elasmobranchii  more  particularly  into 
consideration,  a few  of  the  more  important  facts  as  regards  the 
development  of  the  veins  must  first  be  considered  (comp.  p.  301). 

The  first  veins  to  appear  in  the  embryo  are  the  jDaired  oviphalo- 
mescntcric  veins,  which  bring  back  the  blood  from  the  surface  of 
the  yolk  and  from  the  walls  of  the  gut  (Fig.  265, 1,  II).  The  vessels 
from  the  former  region  are  known  as  vitelline  veins,  while  those 
from  the  latter  give  rise  to  svhintestinal  veins  (III — VII), 
running  beneath  the  embryonic  intestine,  which  primarily  extends 
into  the  caudal  region  as  the  i^ost-anal  gut.  On  the  disappearance 
of  the  latter,  the  posterior  part  of  the  subintestinal  vessels  gives 
rise  to  the  caudal  vein,  which  now  lies  directly  beneath  the  caudal 
aorta  and  loses  its  direct  connection  with  the  anterior  part  (VIII — 
XII).  As  the  liver  is  gradually  developed,  the  main  trunk  of  the 
left  omphalo-mesenteric  vein  breaks  up  into  capillaries  within  this 
organ,  and  these  again  unite  anteriorly,  opening  into  the  proximal 
ends  of  both  omphalo-mesenteric  veins.  The  latter  thus  give  rise 
to  the  hepatic  veins,  which  open  into  the  sinus  venosus  (or  precaval, 
e.g.,  in  Cyclostomes).  New  vessels  from  the  various  parts  of 
the  alimentary  canal  (gastric,  splenic,  and  mesenteric  veins)  are 
gradually  developed,  th^e  pre-caudal  portion  of  the  subintestinal 
vein  becoming  of  minor  importance  ; all  these  vessels  unite  to 
form  what  is  now  known  as  the  hepatic  portal  vein,  and  thus 
pour  their  blood  through  the  capillaries  of  the  liver  (Figs.  270, 
264—268). 

Anteriorly  to  the  heart,  a paired  precaval  vein  (ductus  Cuvieri) 
is  developed  (Figs.  264 — 268), and  opens  into  the  sinus  venosus.  This 
is  formed,  on  either  side,  by  the  confluence  of  ananteriorandi  a posterior 
cardinal  vein,  the  former  bringing  back  the  blood  from  the  head 
(external  and  internal  jugular  veins),^  and  the  latter  from  the  body, 

^ A single  or  paired  inferior  jufjular  from  tlie  ventral  part  of  the  head  may 
also  he  present  (Fig.  266). 
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in  'which  it  runs  on  either  side  of  the  aorta,  between  it  and  the 
kidneys.  A subclavian  vein  from  the  pectoral  fin  also  opens  into 

Y 2 
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Cdv 


Fig.  265. — Diagram  of  Stages  in  the  Development  of  the  Veins  in  Elasmo- 
BRANCiis.  (I — XI  after  Rabl,  XII  after  F.  Hochstetter. ) 

Ca,  Cp,  anterior  and  posterior  cardinal  veins  ; Cdv,  caudal  vein  ; D,D,  vitelline 
veins ; DC,  precaval  vein  or  sinus ; Cl,  region  of  the  eloaca ; II,  sinus 
venosus  of  heart ; J,  subintestinal  vein  ; Jr.V,  interrenal  vein  ; Lh,  hepatic 
veins  ; **,  hepatie  sinus  ; Npf,  renal  portal  system  ; VP,  hepatie  portal  vein  ; 
Vpo,  capillaries  of  the  hepatic  portal  system ; i‘,  cardinal  sinus ; SOc,  sub- 
clavian vein  ; Oa,  Od,  left  and  right  omphalo-mesenteric  veins. 

the  precaval  sinus  or  i^roximal  end  of  the  posterior  cardinal 
vein. 

The  caudal  vein  usually  bifurcates  posteriorly  to  the  cloaca,  each 
branch  passing  along  the  outer  side  of  the  corresponding  kidney, 
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CartlY.S. 


Fi(i.  26G. — For  description  see  next  page, 
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Fig.  266.  Di.vgr.im  of  the  Veins  of  an  El.a,s.mo branch.. 

//",  liCciit  ; Diut.Cuv^  ])iecri\al  sinus;  Cavd^ctiif  anterior  cardinal  (jugular)  ; 

the  inferior  jugular  is  seen  nearer  the  middle  line  ; Siibc/,  subclavian  ; Seit. 
F)  lateial  vein,  which  arises  from  a venous  network  in  the  region  of  the 
cloaca  {Ven.CLB),  from  one  or  more  cutaneous  veins  of  the  tail  (Cut.V), 
fioin  the  veins  of  the  body-walls,  and  from  those  of  the  pelvic  fins 
(HEV)  ; Caufl.v,  caudal  vein,  wliich  divides  into  two  renal  portals.  A,  A\ 
at  the  posterior  end  of  the  kidneys  (N)  : from  tliese  arise  the  adve- 
hent  veins  of  the  renal  portal  system  (V.cidv)  ; T^.rcv,  revehent  I'enal 
veins,  from  which  the  ])osterior  cardinals  (CIO  arise;  Card.V.S,  cardinal 
sinus,  communicating  with  its  fellow  in  the  middle  line  ; V.port,  liepatic 
portal  vein,  receiving  its  blood  from  the  intestine  (AVI),  stomach  (Mr/),  and 
a'soidiagus  (Oe.s.  F),  and  anastomosing  witli  tlic  lateral  vein  posteriorly,  and 
with  tlie  cardinal  sinus  anteriorly  ; Oen.  V,  genital  veins  ; L.  V.S,  hepatic 
sinus  ; Leh,  liver. 


and  giving  off  advehent  vessels  into  the  latter  (Figs.  264,  265,  IX 
— Xll,  266-268).  Tliese  divide  up  into  capillaries,  forming  a renal 
jyortal  system,  the  capillaries  again  uniting  to  form  revehent  veins 
which  open  into  the  posterior  cardinals.  Thus  the  typical  condition 
of  the  veins  seen  in  adult  Fishes  is  reached,  and  only  a few  of  the 
more  important  modifications  can  be  mentioned  here. 

In  Cyclostomes  and  Elasmobranchs,  the  anterior  part  o'f  the 
subintestinal  vein  still  persists  as  a small  vessel  running  within 
the  spiral  valve  of  the  intestine.  In  the  latter  Order,  many  of  the 
veins  (e.,y.,  precavals,  anteriorand  posterior  cardinals,  inferior  jugulars, 
hepatic  and  genital  veins)  enlarge  to  form  capacious  sinuses,  and 
a large  lateral  vein  (Figs.  264,  266),  running  in  the  body-walls  either 
close  to  the  skin  or  just  external  to  the  peritoneum,  opens  into  each 
precaval  or  posterior  cardinal.  This  probably  corresponds  to  the 
vein  of  the  primary  lateral-fin  folds  (p.  104). 

A renal  portal  system  is  said  to  be  -absent  in  Cyclostomes,  and 
is  inconstant  and  very  variable  amongst  Ganoids  and  Teleosts : in 
many  instances  the  caudal  vein  communicates  directly  with  one  or 
with  both  iDOsterior  cardinals,  and  in  the  former  case  the  other 
cardinal  shows  a tendency  to  become  reduced  in  size : a similar 
reduction  occurs  in  many  of  the  forms  to  be  described  next. 

Dipnoi. — The  chief  point  of  interest  as  regards  the  veins  of 
Dipnoans  (Fig.  267)  is  the  presence  of  a large  unpaired  postcaval 
vein,  derived  in  part  from  the  posterior  cardinal,  and  comparable  to 
that  of  the  Amphibia  and  Amniota.  A i’enal  portal  system  is 
present,  and  the  blood  from  the  kidneys  is  collected  into  two  veins 
having  the  relations  of  posterior  cardinals.  Only  the  left  of  these 
however,  opens  anteriorly  into  the  corresponding  jirecaval,  the 
right,  which  is  much  the  larger  of  the  two,  jDassing  along  the 
dorsal  border  of  the  liver  to  open  independently  into  the  sinus 
venosus  in  the  middle  line.  The  renal  portion  of  this  vein  is 
evidently  homologous  with  the  corresponding  jiart  of  the  posterior 
cardinal,  the  anterior  portion  of  which  can  no  longer  be  recognised. 
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i'^iG  267* Diagram  of  thk  Vkxous  System  of  pYotojitcvus  divucctciis, 

(After  W.  N.  Parker.) 

ventricle ; al,  atrium  ; p,  pericardium  ; ca,  conus  arteriosus  ; Ji,  /e,  internal 
and  external  jugular  ; nhr,  subclavian  ; DC,  DC,  precaval  veins  Cp,  post- 
caval ; Vh,  Vh^  hepatic  veins  ; //,  liver  ; gall-bladder  ; 6.(r,  bile-duct  ; 

M “stomach”;  Da,  intestine;  L.O,  lymphoid  organ  m the  walls  of  the 
stomach,  the  blood  from  which  passes  into  the  hepatic  portal  veins  (Fpo, 
Fpo')  ; par.v,  parietal  veins,  from  the  body-walls  ; Oikv,  ovarian  veins  ; 
X,  N,  kidneys;  BV,  pelvic  vein;  V.raud,  caudal  vein;  V.ren.porf,  renal 
portal  vein  ; cen,  oisophageal  vein  ; V.cai’d,  left  posterior  cardinal  vein,  which 
is  connected  by  anastomoses  (ana)  with  the  postcaval  [Cp)  in  the  region  of 
the  kidneys. 
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Thus  the  postcaval  is  made  up  of  a posterior  or  renal  portion,  and 
of  an  independently  developed  anterior  or  hepatic  portion. 

In  Ceratodus,  the  posterior  cardinal  and  jjostcaval  are  directly 
continuous  with  the  caudal  vein,  and  the  renal  portal,  receiving 
branches  from  the  posterior  end  of  the  body,  arises  from  the  iliac  vein, 
which  also  gives  off  a pelvic  branch.  The  latter  unites  with  its 
fellow  in  the  middle  line  to  form  a median  abdominal  vein,  com- 
parable to  that  of  the  Amphibia,  and  opening  into  the  sinus 
venosus. 

The  two  pulmonary  veins  unite  into  a single  trunk  before 
opening  into  the  left  atrium  (p.  309). 

Amphibia. — A large  postcaval  vein  arises  in  essentially  the 
same  manner  as  in  the  Dipnoi,  its  renal  section  being  formed  by 
the  fusion  of  the  two  posterior  cardinals  in  this  region.  The 
hepatic  portion  apparently  arises  in  part  from  the  right  omphalo- 
mesenteric vein,  and  in  part  independently,  while  the  hepatic 
portal  vein  is  developed  from  the  left  omphalo-mesenteric.  The 
postcaval  receives  blood  from  the  kidneys  and  generative  organs, 
as  well  as  indirectly  from  the  posterior  extremities,  body-walls,  and 
tail  (when  present).  The  anterior  part  of  both  j^osterior  cardinals 
persists  in  Urodeles  and  in  Bombinator  as  the  paired  azygos  vein, 
and  this  may  exceptionally  be  present  on  one  or  both  sides  in  other 
Anurans.  It  communicates  with  the  corresponding  j^i'scaval 
(Fig.  268). 

A renal  portal  system  is  present,  and  is  formed,  as  in  Fishes, 
by  the  bifurcation  of  the  caudal  vein,  which  is  wanting  in  adult 
Anura;  into  the  renal  portal  open  the  veins  from  the  hind-limb, 
and  vessels  from  the  body-wall  often  also  communicate  with  it. 
The  blood  from  the  kidneys  passes  into  the  postcaval.  Connecting 
the  right  and  left  renal  portals  (or  femorals)  is  a transverse 
vein,  from  which,  in  the  medio- ventral  line  of  the  body,  an  abdominal 
or  epigastrie  vein  arises,as  in  Ceratodus:  this  is  primitively  paired,  and 
corresponds  genetically  with  the  lateral  veins  of  Elasmobranchs ; 
it  extends  forwards  in  the  ventral  body-wall  into  the  liver,  in 
which  it  breaks  up  into  capillaries,  becoming  secondarily  connected 
by  anastomoses  with  the  hepatic  portal  vein  (Fig.  268).  The  ab- 
dominal vein  receives  blood  from  the  cloaca,  bladder,  and  body- 
walls.  In  Urodeles  I’emains  of  the  subintestinal  vein  also  open 
into  the  hepatic  imrtal  system. 

The  arrangement  of  the  anterior  cardinals  (external  and  inter- 
nal jugulars)  is  essentially  similar  to  that  seen  in  Fishes  and 
Dipnoans. 

Amniota. — The  section  of  the  right  posterior  cardinal  vein  in 
the  region  of  the  embryonic  kidney  (mesonephros,  p.  341)  gives 
rise,  as  in  the  Dipnoi,  to  the  hinder  part  of  the  postcaval : the 
hepatic  section  of  the  latter  arises  as  in  Amphibia.  In  the  Saur- 
opsida,  the  anterior  portions  of  both  posterior  cardinals  disappear. 


Caud.  V,  caudal  vein,  which  hifurcates  at  tlie  ponterior  end  of  the  kidneys  {N,  ^V) 
to  form  the  renal  portal  system  (Nier . Pft . Kr)  ; 1 .adv,  T .rev,  advehent  am 
revehent  renal  veins;  F,i7i'ara,  femoral  vein,  which  divides  into  an  anterior 
(tt)  and  a posterior  (f)  branch  : the  latter  opens  into  the  renal  portal,  ainl 
the  former  (pelvic  vein)  unites  with  its  fellow  to  form  the  ahdominal  vein 
(Ahd.  V),  and  also  receives  vessels  (*)  from  the  cloaca,  bladder,  and  posterior 
part  of  the  intestine.  V.Cuvu  iiif.  jiarx  aider,  and  yi/. 

anterior  and  iiostcrior  sections  of  the  postcaval  ; Card. aid.  {Jnij),  and  Lard, 
pout  (Azy;i),  anterior  and  posterior  cardinal  veins  (Le.,  the  jugular 
and  azygos).  iS'a/ir/,  subclavian  vein  ; J)act.Cuv,  precaval  ; //,  heart  ; JJ,  1), 
alimentary  canal,  from  which  the  hepatic  portal  vein  ( I . yioiV)  arises  ; /yf/, 
longitudinal  vein  of  the  intestine  ; Jjpft.Kr,  hepatic  portal  system  \ L.]  , 
hepatic  vein. 


330 


COMPARATIVE  ANATOMY 


and  are  rejDlaced  by  vertebral  veins,  while  in  Mammals  they  persist 
as  the  azygos  veins.  An  anastomosis  is  formed  between  these,  and 
eventually  the  anterior  part  of  the  left  disappears,  the  blood  from 
both  sides  passing  into  the  right  azygos  (hemiazygos),  which  opens 
into  the  right  precaval  (Figs.  269  and  270). 

The  anterior  cardinals  give  rise,  as  in  lower  V ertebrates,  to  the 
jugulars,  which,  as  well  as  the  subclavians  and  vertebrals  or  azygos, 


Fic  Di-igrvm  showing  the  Relations  of  the  Posterior  Cardinal 

"and’ PO.STCAVAL  VEINS  IN  A,  THE  Rarbit,  AND  B,  Man.  (After  Hocli- 
stetter). 

V V (I  V T s,  renal  veins  ; V.cl.s.6,  common  iliac  vein  ; VI.  I,  lumbar  vein  ; V.c.i, 
'postcaval;  V.c.p.cl,  r.c.;j.s,  right  and  left  posterior  cardinals  ; V.il.int.comm, 
common  internal  iliac  vein. 


open  into  the  precavals.  In  Reptiles,  Birds,  Monotremes,  and 
Marsupials,  as  well  as  in  many  Rodents,  Insectivores,  Bats,  and 
Ungulates,  both  precavals  persist  throughout  life  ; but  in  other 
Mammals  the  main  part  of  the  left  disappears,  all  the  blood  from 
the  head  and  anterior  extremities  passing  into  the  right.  The 
coronary  veins  open  into  the  base  of  the  left  precaval  (coronary 
sinus,  Fig.  259). 
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A renal  portal  system  occurs  in  connection  with  the  embryonic 
kidn%  ia  all  Sauropsida.  amltraces  of  it  catt  also  be  recogmsed 
in  emh-yos  of  Echidna.  In  ad, .It  Reptiles,  renal  ‘ ^'"VTn 
off  branches  into  the  permanent  kidney  (metanephros,  p.  3 ) . 


Fig.  270. — Diagram  illustrating  Three  Stages  in  the  Development  of 
THE  Hep.\tic  Portal  System.  (See  next  page  for  c.) 


H,  heart ; Sn,  sinus  venosus  ; DC,  DC,  precavals  ; Ci,  postcaval ; L,  liver  ; Om, 
Otn},  Om~,  the  three  sections  of  the  omphalo-niesenteric  vein  (the  first  still 
shows  its  originally  paired  nature  at  ft : in  stage  B,  the  second  section  of^this 
vein,  which  passes  through  the  liver,  disappears,  so  that  Oni  and  Ojr"  are 
only  connected  hy  capillaries  : in  stage  C,  the  first  section  (Om)  has  quite 
disappeared,  and  the  umbilical  vein  (Umh)  has  become  developed);  DA, 
ductus  venosus ; *,  connection  of  the  umbilical  vein  with  the  capillaries  of 
the  liver;  Vr,  revehent  veins;  Vad,  advehent  veins;  Mes.,  mesenteric 
vein,  which  later  gives  rise  to  tlie  hepatic  portal  (V.po7't),  receiving 
blood  from  the  alimentary  canal  (D);  Az.,  azygos;  Jl,  iliac  vein;  iV, 
kidney. 


Birds  only  a slight  indication  of  such  a renal  portal  system  exists, 
and  in  Mammals  it  is  entirely  wanting. 

As  in  i'ishes,  the  first  veins  to  appear  in  the  embryo  are  the 
omphalo-mesenteric  veins  (Fig.  270,  a),  bringing  back  the  blood  from 
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the  yolk-sac,  and  uniting  into  a single  trunk  before  opening  into 
the  heart.  As  the  liver  becomes  developed,  a portal  circulation 
arises,  and  the  main  trunk  of  the  vein,  where  it  passes  through  the 
liver,  disappears.  In  the  meantime,  the  coeliac  and  mesenteric 
veins  have  become  developed,  and  all  the  blood  from  them,  as  well 
as  from  the  vitelline  veins,  now  passes  through  a common  trunk, 
the  hepatic  portal  vein,  into  the  capillaries  of  the  liver,  whence  it 


U 


Fig.  270,  c. — Reference  to  lettering  on  previous  page. 

reaches  the  sinus  venosus  through  the  hepatic  veins.  The  vitelline 
veins  gradually  disappear  as  the  yolk-sac  becomes  reduced. 

In  addition  to  these  vessels,  the  umbilical  vein  must  also  be 
mentioned.  This  vessel  is  originally  paired,  and  corresponds 
o-enetically  to  the  lateral  veins  of  Elasmobranchs  and  to  the 
abdominal  or  epigastric  vein  of  Ceratodus  and  Amphibians.  It 
is  situated  originally  in  the  body-walls,  and  comes  into  rela- 
tion with  the  allantois  (pp.  9 and  337),  opening  eventually  into  the 
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postcaval:  as  the  allantois  increases  in  size,  it  brings  back  the 
oxycrenated  blood  from  this  organ  {i.e.,  from  the  placenta  in  the 
higher  Mammalia).  The  right  umbilical  vein,  however,  early  be- 
comes obliterated,  and  the  left  comes  into  connection  with  the 
capillaries  of  the  liver,  its  main  stem  in  this  region  disappearing 
('Fif.  270  b).  Thus  the  blood  from  the  allantois  has  to  pass  through 
the°capillaries  of  the  liver  before  reaching  the  heart.  _ In  the  course 
of  development,  however,  a direct  communication  is  formed  be- 
tween the  left  umbilical  vein  and  the  remains  of  the  fused 
veins  and  this  trunk  is  known  as  the  ditctns  venosus  _ (iig.  270,  c). 
On  the  cessation  of  the  allantoic  (or  placental)  circulation,  the 
ductus  veuosus  becomes  degenerated  into  a fibrous  cord,  so  that 
all  the  portal  blood  has  to  pass  through  the  capillaries  of  the  liver. 

The  intra-abdominal  portion  of  the  umbilical  vein  persists 
throughout  life  as  the  epigastric  vein  in  Reptiles  and  in  Echidna, 
but  disappears  in  Birds  and  in  other  Mammals. 


The  mode  of  development  of  the  veins  of  the  extremities  is  essentially 
similar  in  all  the  Amniota,  and  at  first  resembles  that  occurring  m 
Amphibia,  though  later  on  considerable  differences  are  seen  in  these  two 
groups,  more  especially  as  regards  the  veins  of  the  digits. 


Retia  Mirabilia. 

By  this  term  is  understood  the  sudden  breaking-up  of  an  arte- 
rial or  venous  vessel  into  a cluster  of  fine  branches,  which,  by 
anastomosing  with  one  another,  give  rise  to  a capillary  network , 
the  elements  of  this  network  may  again  unite  to  form  a single 
vessel.  The  former  condition  may  be  described  as  a unipolciT,  the 
latter  as  a bipolar  rete  mirabile.  If  it  is  made  up  of  arteries  or  of 
veins  only,  it  is  called  a rete  mirabile  simplex-,  if  of  a combination 
of  both  kinds  of  vessels,  it  is  known  as  a rete  mirabile  dtiplex. 

The  retia  mirabilia  serve  to  retard  the  flow  of  blood,  and  thus 
cause  a change  in  the  conditions  of  diffusion.  They  aie  extremely 
numerous  throughout  the  Vertebrate  series,  and  are  found  in  the 
most  varied  regions  of  the  body,  as,  for  instance,  in  the  kidneys 
(crlomeruli,  p.  345) — where  their  above-mentioned  function  is  most 
clearly  seen  ; on  the  ophthalmic  branches  of  the  internal  carotid  ; 
on  the  vessels  of  the  air-bladder  in  Fishes  (p.  280);  along  the 
intercostal  arteries  of  Cetacea ; on  the  portal  vein  ; and  along  the 
caudal  portion  of  the  vertebral  column  in  Lizards. 


Lymphatic  System. 

In  Fishes,  Amphibians,  and  Reptiles,  but  more  particularly  in 
the  first-named  Class,  lymph  vessels  (p.  290)  are  often  not 
plainly  differentiated,  and  occur  mainly  along  the  great  blood- 
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vessels,  as  well  as  on  the  bulbus  arteriosus  and  ventricle,  lying 
in  the  connective-tissue  surrounding  these  structures.  Numerous 
independent  lymphatic  vessels  may,  however,,  also  be  present, 
arising  from  a capillary  network  under  the  skin,  and  extending  into 
the  intermuscular  septa;  the  intestinal  tract  and  the  viscera  are  also 
generally  provided  with  definite  lymph-vessels  in  the  Amphibia 
and  Amniota. 

Contractile  lynqjh-Jieaoi.s  may  he  present  in  connection  with  the 
vessels.  They  occur  in  Fishes,  hut  are  much  better  known  in 
Amphibians,  Reptiles,  and  Bird-embryos.  Thus,  in  Urodeles,  nume- 
rous lympli-hearts  are  present  under  the  skin  along  the  sides  of 
the  body  and  tail,  at  the  junction  of  the  dorsal  and  ventral  body- 
muscles;  in  other  Amphibians  they  are  either  confined  to  the  poste- 
rior end  of  the  body  (pelvic  region),  or,  as  in  the  Frog,  are  present 
also  between  the  transverse  ]Drocesses  of  the  third  and  fourth 
vertebraB.  In  Reptiles  jjosterior  lymph-hearts  only  are  present, 
and  are  situated  at  the  boundary  of  the  trunk  and  tail  regions, 
close  to  the  transverse  processes  or  ribs.  Similar  structures  are  not 
known  to  be  present  in  Mammals. 

Large  lacunar  lym^yh-sinuses  are  present  under  the  skin  of  tail- 
less Amphibia,  and  the  skin  is  thus  only  loosely  attached  to  the  un- 
derlying muscles.  These  subcutaneous  lymph-sinuses  are  connected 
with  those  of  the  peritoneal  cavity.  Amongst  the  latter,  the  suh- 
vcrtehral  lyinjjh-sinus  is  of  great  importance  in  Fishes,  Dipnoans, 
and  Amphibians ; it  surrounds  the  aorta  and  is  connected  with  the 
(mesenteric)  sinus  lying  amongst  the  viscera,  into  which  the 
lymphatic  vessels  of  the  intestine  open.  In  Fishes  and  Dipnoans 
there  is  also  a large  longitudinal  lymphatic  trunk  lying  within  the 
spinal  canal. 

As  already  mentioned,  the  higher  we  ]Dass  in  the  animal  series 
the  more  commonly  are  lymphatic  trunks  with  independent  walls  to 
he  met  with.  From  Birds  onwards  a large  longitudinal  subverte- 
bral  trunk  (the  thoracic  duct)  is  always  present.  In  Mammals  this 
arises  in  the  lumbar  region,  where  it  is  usually  dilated  to  form  the 
cisterrui  or  reccjotaculum  chyli ; it  ]’eceives  the  lymph  from  the 
posterior  extremities,  the  pelvis,  and  the  urinogenital  organs,  as 
well  as  the  lactcals,  or  lymphatics  of  the  intestine.  In  Mammals  it 
communicates  anteriorly  with  the  left,  and  in  Sauropsida  with  both 
left  and  right  precaval  veins.  The  lymphatics  of  the  head,  neck, 
and  anterior  extremities  open  into  the  same  veins. 

The  lymphatic  vessels  of  Birds  and  Mammals  are,  like  certain 
of  the  veins,  provided  with  valves,  the  aiTaugement  of  which  allows 
the  lymph  stream  to  pass  in  one  direction  only,  i.c.,  towards  the 
veins. 

The  lymph,  as  already  mentioned  (p.  299),  consists  of  two 
elements,  a fluid  (plasma)  and  cells  (lymph-corpuscles,  leucocytes) ; 
and  similar  cells  are  present  in  the  lymphoid  or  adenoid  tissue  which 
occurs  beneath  the  mucous  membrane  in  various  parts  of  the  body 
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(c/j.,  alimentary  canal,  bronchi,  conjunctiva,  urinogenital  organs) 
and  is  particularly  abundant  in  Fishes,  Dipnoans,  and  Am- 
phibians (pp.  267,  352,  363). 

Tlie  mi<^ration  of  the  amoeboid  leucocytes  to  the  surface  (p.  267)  is  due 
to  various”  causes.  It  may  simply  result  in  getting  rid  of  superfluous 
material,  or  may  be  of  considerable  importance  in  removing  broken-down 
substances  and  harmful  bodies  (e.(/.,  inflammatory  products,  Bacteria),  the 
particles  being  ingested  by  leucocytes  (hence  often  called  phagocytes) 

before  the  latter  are  got  rid  of.  „ , o,,  i 

The  mass  of  lymphoid  tissue  on  the  heart  of  the  Sturgeon,  and  possibly 
also  the  so-caUed  fat-bodies  {corpora  adiposa)  of  Amphibia  and  Reptilia 
(pp.  368,  370),  and  the  ^'■hibernating  gland’’  of  certain  Rodents,  may  be 
placed  in  this  category  ; they  consist  of  lymphoid  and  fatty  tissue,  and  serve 
as  stores  of  nutriment. 

The  agglomeration  of  a number  of  lymphoid  follicles  gives  rise 
to  those  structures  which  are  spoken  of  as  “ lymphcitic  glands 
or  adenoids.  T'hese  are  always  interposed  along  the  course  ol 
a lymphatic  trunk  so  that  afferent  and  efferent  vessels  to  each 
can  be  distinguished.  They  probably  appear  first  in  Birds,  and 
are  most  numerous  in  Mammals,  where  they  are  present  in 
abundance  in  various  regions  of  the  body ; they  differ  greatly  in 
size. 

The  spleen  which  is  present  in  almost  all  Vertebrates,  is 
closely  related  to  these  structures.  It  corresponds  to  a specially 
differentiated  portion  of  a tract  of  lymphoid  tissue  primarily 
extending  all  along  the  alimentary  canal,  and  in  Protopterus 
it  still  remains  enclosed  within  the  walls  of  the  stomach 
(Fig.  209).  In  other  Vertebrates  it  is  situated  outside  the 
walls  of  the  canal,  but  even  then  may  extend  along  the  greater 
part  of  the  latter  {e.g.,  Siren).  Usually,  however,  either  the 
proximal  or  the  distal  portion  of  it  undergoes  reduction,  and  the 
organ  is  generally  situated  near  the  stomach,  though  it  is  occa- 
sionally met  with  in  other  regions  of  the  intestinal  tract,  as,  for 
instance,  at  the  commencement  of  the  rectum  (Anura,  Chelonia). 
In  some  cases  {e.g.,  Sharks)  it  is  broken  up  into  a number  of 
smaller  constituents. 

The  tonsils  are  also  adenoid  structures.  They  are  most 
highly  developed  in  Mammals,  where  they  give  rise  to  a jaaired 
organ  lying  on  either  side  of  the  fauces — that  is,  in  the  region 
where  the  mouth  passes  into  the  pharynx,  and  usually  also  to  a 
mass  situated  more  posteriorly  on  the  walls  of  the  pharynx 
itself  (pharyngeal  tonsils) ; the  latter  are  phylogenetically  the 
older  organs  and  are  present  in  Reptiles,  Birds,  and  most  Mam- 
mals.^ The  tonsils  consist  of  a retiform  (adenoid)  connective- 
tissue  ground-substance  enclosing  a number  of  lymph-corpuscles, 
which  are  arranged  in  so-called  follicles,  and  are  capable  of  mi- 
grating to  the  surface. 

^ Tonsil-like  organs  are  also  present  in  Amphibians. 
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New  leucocytes  are  continually  formed  in  the  marrow  of  the 
bones,  as  well  as  in  the  lymphatic  glands  and  spleen ; the  spleen 
is  aj^parently  also  of  importance  in  absorbing  the  broken-down 
remains  of  the  red  blood- corpuscles. 


MODIFICATIONS  FOR  THE  INTER-UTERINE  NUTRI- 
TION OF  TFIE  EMBRYO:  FCETAL  MEMBRANES. 

I.  Anamnia. 

In  .several  Elasmobranchs  the  oviduct  gives  rise  to  glandular 
villi  which  secrete  a nutritive  fluid,  and  in  an  Indian  Ray  (Ptero- 
platea  micrura)  there  are  specially  long  glandular  villiform  j)ro- 
cesses  which  extend  in  branches  through  the  spiracles  into  the 
pharynx  of  the  embryos,  of  which  there  may  be  as  many  as  three 
in  each  oviduct.  The  gill-clefts  of  the  embryos  are  in  close  appo- 
sition, and  there  are  no  gill  filaments  (see  p.  278). 

In  certain  viviparous  Sharks  (viz.,  Mustelus  Itevis  and  Carcha- 
rias)  the  walls  of  the  vascular  yolk-sac  become  raised  into  folds  or 
villi,  which  fit  into  corresponding  depressions  in  the  walls  of  the 
oviduct,  the  latter  becoming  very  vascular.  A kind  of  umbilical 
placenta  is  thus  formed,  by  means  of  which  an  interchange  of  nutri- 
tive, respiratory,  and  excretory  matters  can  take  place  between  the 
maternal  and  foetal  blood-vessels. 

Amongst  viviparous  Teleosts  (comp.  p.  360)  various  arrange- 
ments for  the  nutrition  of  the  embryo  occur.  In  Zoarces 
viviparus  (and  probably  also  in  the  Embiotocideas),  the  embryos 
are  retained  in  the  hollow  ovary,  the  empty  follicles  (corpora  lutea) 
of  which  give  rise  to  extremely  vascular  villi,  from  which  a serous 
fluid  containing  blood-  and  lymjfii-cells  is  extruded  into  the  cavity 
of  the  ovary  and  thus  surrounds  the  masses  of  embryos.  These 
swallow  the  fluid  and  digest  the  contained,  cells.  In  other  forms 
{c.g.,  viviparous  Blennies,  and  Cyprinodonts),  the  embryos  undergo 
development  within  the  vascular  follicles,  and  are  probably  ]iour- 
ished  by  diffusion ; while  in  Anableps,  villi  are  developed  from  the 
yolk-sac,  and  these  doubtless  absorb  the  nutritive  fluid  from  the 
walls  of  the  ovary. 

In  certain  Amphibians  which  have  no  prelarval  existence,  in- 
teresting modifications  occur  for  nourishing  the  young  until  the 
larval  stage  is  passed.  Thus  in  the  Alpine  Salamander  (Salaman- 
dra  atra),  a large  number  of  ova  (40 — 60)  pass  into  each  oviduct, 
just  as  in  the  allied  S.  maculosa,  in  which  the  young  are  born  as 
gilled  larvse.  Were  this  the  case  in  S.  atra,  the  young  would  be 
carried  away  in  the  mountain  streams  and  destroyed,  and  a curious 
adaptive  modification  has  therefore  arisen  in  this  form,  in 
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'which  only  one  embryo  (that  nearest  the  cloaca)  in  each  oviduct 
undergoes  complete  development,  remaining  'within  the  body  of 
the  parent  until  the  gills  are  lost  and  metamorpbosis  has  taken 
place.  The  other  eggs  break  down  and  form  a food-mass  for 
the  survivors  after  their  own  yolk  has  become  used  up.  Degene- 
rative changes,  moreover,  take  place  in  the  epithelium  of  the  ovi- 
duct, and  masses  of  red  blood-corpuscles  pass  into  the  lumen  of  the 
latter,  undergo  degeneration,  and  become  mixed  with  the  broken- 
down  yolk-masses,  the  resulting  broth  being  swallowed  by  the 
surviving  young.  After  the  birth  of  the  latter,  the  uterine  epithe- 
lium becomes  regenerated ; and  thus  a process  occurs  which  some- 
what resembles  that  of  the  formation  of  a decichia  in  placental 
Mammals  (p.  340). 


II.  Amniota. 

In  all  the  Amniota,  as  already  mentioned  (pp.  9 and  302),  foetal 
membranes,  known  as  the  amnion  and  allantois  are  developed, 
the  latter,  or  primary  urinary  bladder,  represented  only  in  rudi- 
ment in  the  Amphibia  (p.  259),  being  of  great  importance  in  con- 
nection with  respiration,  secretion,  and  (in  the  higher  Mammals) 
nutrition  of  the  embryo. 

A glance  at  Fig.  8 will  show  that,  owing  to  its  mode  of  develop- 
ment, the  amnion  ^ consists  primarily  of  two  layers ; an  inner,  the 
amnion  2)roper,  and  an  outer  or  false  amnion.  The  latter  lies  close 
to  the  vitelline  membrane,  and  forms  the  so-called  serosa,  or  serous 
membrane.  As  the  allantois  grows  it  extends  into  the  space  con- 
tinuous with  the  coelome  between  the  true  and  false  amnion,  and 
may  entirely  surround  the  embryo. 

Amongst  Reptiles,  the  eggs  of  the  viviparous  Lizard,  SejDS  chal- 
cides,  are  relatively  poor  in  yolk,  and  this  is  compensated  for  by 
the  yolk-sac  and  allantois  coming  into  close  relation  with  the 
walls  of  the  oviduct,  thus  forming  an  umbilieal  and  an  allantoie 
l^laeenta,  one  at  either  pole  of  the  embryo ; the  latter  of  these  is 
the  more  important.  Both  foetal  and  maternal  parts  of  the  pla- 
cente  become  extremely  vascular,  and  thus  the  necessary  inter- 
change of  materials  can  take  place  between  the  blood  of  the  em- 
• bryo  and  mother.  In  Trachydosaurus  and  Cyclodus,  as  well  as  in 
the  Chelonia,  a kind  of  umbilical  placenta  is  apparently  also 
formed. 

The  fact  that  a vascular  yolk-sac  (often  known  as  the  umbilical 
vesicle)  is  present  in  placental  Mammals,  indicates  that  they  are 
descended  from  forms  in  which,  like  the  Sauropsida,  the  eggs  were 
rich  in  yolk,  and  which  were  viviparous.  This  condition  is 

^ As  the  head  enlarges  and  sinks  downwards,  it  is  at  first  surrounded  by  a 
modification  of  the  head  fold  {]).  !))  consisting  entirely  of  epiblast  and  culled  the 
jiro-umnion  : this  is  afterwards  replaced  by  the  amnion. 
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moreover  retained  in  the  Monotreraes,  and  even  in  Marsupials 
the  ova  are  relatively  large  as  compared  with  those  of  the  higher 
Mammalia. 

As  the  amount  of  yolk  gradually  became  reduced  in  the  course 
of  phylogenetic  development,  close  relations  were  set  up  between 
the  foetal  (allantoic)  and  maternal  blood-vessels,  the  allantois 
becoming  closely  applied  to  the  serosa  to  form  a chorion  (Fig. 
271) ; but  that  this  condition  was  only  very  slowly  evolved  is 
shown  by  the  fact  that,  even  at  the  jeresent  day,  Mammals  exist  in 
which  it  has  not  been  reached.  These  (viz.,  Monotremes  and  most 
Marsupials)  are  therefore  known  as  Ajolacentcdia  or  Achoria,  in 
contradistinction  to  the  higher  Placcntalia  or  Choriata.  Moreovei’,. 

in  the  E.odentia,Insectivora, Cheir- 
optera, Carnivora,  and  Ungulata 
more  or  le.ss  distinct  indications 
of  an  umbilical  'placenta,  formed 
in  connection  with  the  yolk-sac,, 
can  still  be  observed,  and  at  a still 
earlier  stage  the  ova  are  nourished 
by  uterine  lymph  (compare  jd.  336). 

In  Monotremes  and  Marsu- 
pials, both  the  yolk-sac  and  allan- 
tois take  part  in  resiDiration ; in 
the  former  the  two  are  of  equal 
importance,  while  amongst  the 
latter  the  yolk-sac  is  solely  or 
mainly  (Phalcolarctos)  imjDortant 
in  this  respect.  In  Perameles 
obesula  a further  approach  toward.s 
the  formation  of  a true  allantoic 
placenta  is  seen,  the  allantois 
giving  rise  to  small  vascular  villi. 
In  most  Marsupials  the  allantois- 
serves  merely  as  a urinary  reser- 
voir, and  in  none  of  them  does 
it  possess  any  important  function 
as  an  organ  of  nutrition,  the  young  being  born  at  a relatively  early 
stage,  when  they  become  attached  to  the  teats  of  the  mother,  and 
are  then  nourished  by  means  of  milk  (see  p.  288). 

In  the  higher  Mammals,  the  umbilical  placenta  has  usually 
only  a very  temporary  importance,  though  in  some  cases  {c.cj.,. 
Rodents)  it  probably  takes  some  part  in  respiration  and  nutrition 
during  the  whole  uterine  life.  The  allantois  extends  out  from  the 
body  of  the  embryo  and  becomes  attached  to  the  serous  membrane 
to  form  the  chorion,  from  which  numerous  villi  extend  into  the 
uterine  wall  (Fig.  271).  As  both  the  latter  and  the  allantois  become 
extremely  vascular,  the  uterine  and  allantoic  capillaries  and 
sinuses  coming  into  close  contact  with  one  another,  a complicated 


Fi(!.  271. — 1)i.\c;k.am  of  tiik  FnjTAi. 

MKMIlIi.\NKS  OF  A FlACENTAI. 
Mam.mal.  (I'roin  Boa.s’s  Zoology.) 

Ill,  allantois  ; am,  amnion  ; h,  yolk- 
sac  (umbilical  vesicle)  j the  outer- 
most line  represents  the  serous 
membrane.  The  outer  wall  of 
the  allantois  has  united  with  the 
serous  membrane  to  form  tlie 
chorion  from  which  branchial  villi 
arise. 
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allantoic  placenta  arises,  consisting  of  maternal  and  foetal  parts 
(Fig.  9).  Thus  the  embryo  is  supplied  with,  the  necessities  for 
existence  during  its  comparatively  long  intra-uterine  life. 

Various  forms  of  placenta  are  met  with  amongst  the  Placentalia. 
The  most  j)rimitive  type  is  apparently  that  in  which  the  allantois 
becomes  attached  around  the  whole  serosa,  so  that  the  resulting 
chorion,  from  which  the  comparatively  simple  villi  arise,  are  equally 
distributed  over  the  whole  surface  (Fig.  271).  This  form  is  known 
as  a diffused  placenta,  and  is  met  Avith  in  Manis,  the  Suidse,  Hippo- 
potamus, Tylopoda,  Tragulidae,  Perissodactyla,  and  Cetacea. 

The  next  stage  is  characterised  by  the  chorionic  villi  becoming 
more  richly  branched,  so  as  to  present  a greater  superficial  extent, 
and  at  the  same  time  being  concentrated  into  definite  and 

Choyionqe>(aesse 


Fic;.  •272. — Diagram  to  illustrate  the  Relations  of  hie  Fietal  and 
Maternal  Vessels  in  the  Human  Placenta,  showing  Chorionic  and 
Maternal  Vessels  and  Capillaries,  Villi  (Zotten),  and  Decidua. 
(Aftep  Keibcl.) 


more  or  less  numerous  patches  or  cotyledons.  Thus  a polycoty- 
ledonary placenta  arises,  such  as  is  met  with  in  most  Ruminants, 
some  of  which,  such  as  Cervus  mexicanus  and  the  Giraffe,  shoAV  an 
interesting  intermediate  form  of  placenta  between  the  diffuse  and 
the  cotyledonary. 

The  chorionic  villi  in  these  two  types  of  placenta,  even  though 
more  or  less  branched,  separate  from  the  uterine  mucous  membrane 
at  birth,  the  latter  not  becoming  torn  away : these  placentae  are 
therefore  spoken  of  as  non- deciduate. 

A further  complication  is  seen  in  the  forms  of  placenta  known  as 
i\iQzonctry,  the  dome-  or  hell-shaped,  and  the  discoidal,  in  which  the 
connection  between  foetal  and  maternal  parts  becomes  much  more 
close,  the  villi  giving  rise  to  a complicated  system  of  branches 
within  the  uterine  mucous  membrane  (Fig.  272).  Thus  the  latter 
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becomes  to  a greater  or  less  extent  torn  awa}?'  at  birth  {decidua), 
the  placenta  being  therefore  spoken  of  as  deciduate.  In  these 
cases,  the  placental  part  of  the  chorion  does  not  extend  all  round 
the  embryo.  In  the  zonary  placenta  only  the  two  opposite  poles 
of  the  chorion  are  more  or  less  free  from  vascular  villi,  and  this 
girdle-like  form  occurs  in  the  Carnivora,  as  well  as  in  the  Elephant 
Hyrax,  and  Orycteropus.  In  Lemurs  and  Sloths,  the  placenta  is 
dome-  or  bell-shaped,  while  in  Myrmecophaga,  Dasypodidse  (Arma- 
dilloes),  and  Primates  (Fig.  9)  it  forms  a discoidal  mass  on  the 
dorsal  side  of  the  embryo  (metadiscoidal  form).  The  discoidal 
placenta  of  Rodentia,  Insectivora,  and  Cheiroptera  has  probably 
not  arisen,  like  that  just  mentioned,  from  a diffused  type,  but  was 
originally  restricted  to  a discoidal  area,  owing  to  the  umbilical 
vesicle  occupying  a large  surface  of  the  chorion. 

From  the  above  description  it  is  evident  that  the  differences 
in  the  form  of  the  placenta  are  mainly  those  of  degree,  and  that 
the  latter  gives  little  indication  of  the  systematic  position  of  the 
animal  in  question. 

TIio  histologiciil  Btrucfcuro  of  the  placenta  and  the  various  modifications 
.seen  in  tlie  maternal  mucous  membrane  cannot  be  described  here  ; it  is, 
liowever,  im])ortant  to  note  tliat  there  is  no  direct  communication  between  the 
maternal  and  foetal  blood,  and  that  tlie  maternal  capillaries  usually  enlarge 
to  form  sinuses,  tlie  Avails  of  Avhich  become  invaginated  by  the  villi : 
tlius  the  latter  are  covered  by  an  eiiithelium  furnished  by  the  maternal 
tissues  (Fig.  272). 

In  the  course  of  development  the  embryo  becomes  more  and 
more  folded  off  from  the  yolk-sac  (Fig.  8),  the  stalk  of  which  latter 
and  that  of  the  allantois,  enveloped  by  the  base  of  the  amnion, 
together  form  the  ^cmhilical  cord.  At  birth,  the  foetal  membranes 
are  shed,  the  intra-abdominal  portion  of  the  allantois  persisting  as 
the  urachus  (comp.  p.  358). 


I.  URINOGENITAL  ORGANS. 

a.  GENERAL  PART. 

The  first  traces  of  the  urinary  and  generative  organs  ^of  Verte- 
brates arise  on  the  dorsal  side  of  the  coelome,  right  and  left  of  the 
aorta,  and  are  more  or  less  closely  connected  with  one  another, 
both  morphologically  and  physiologically. 

The  part  of  the  urinogenital  system  first  to  arise  is  the  paired 
pronephros  and  its  duct,  the  pronephric  duct.  This  is  the 
most  ancient  and  primitive  excretory  organ  of  Vertebrates ; it  is 
usually  restricted  to  a few  of  the  anterior  body  segments,  close 
behind  the  head,  whence  it  is  often  known  as  the  “head-kidney.” 
It  originates  primarily  as  a series  of  segmentally  arranged 
invaginations  of  the  somatic  mesoblast  in  the  region  of  the  ventral 
section  of  the  mesoblastic  somites,  these  invaginations  giving  rise 
to  excretory  tubules  or  nephriclia  (Figs.  273  and  274) ; secondarily, 
however,  in  consequence  of  alterations  in  the  relative  rate  of 
growth  of  the  parts,  the  tubules  come  to  arise  in  connection  with 
the  unsegmented  body-cavity.  Each  tubule  opens  into  the  coelome 
by  a ciliated  funnel  or  nephrostome,  and  comes  into  relation  with  a 
segmental  blood-vessel  which  primarily  connects  the  aorta  with  the 
subintestinal  vein.  These  vessels  become  coiled  to  form  a rete 
mirabile  known  as  the  glormts  (Fig.  274).  Primarily,  as  in  Chseto- 
pods,  the  tubules  must  have  opened  at  the  other  end  on  to  the 
surface  independently,  through  the  ectoderm  (Fig.  277,  A,  and  comp. 
Amphioxus,  p.  348  and  Figs.  219  and  277,  a),  but  this  condition  is 
no  longer  observable  in  the  Craniata,  in  which  they  all  communi- 
cate with  a longitudinal  pronephric  duct.  The  number  of  nephro- 
stomes  is  in  most  cases  not  more  than  two  or  three. 

The  pronephric  duct  is  apparently  a later  acquisition  than  the 
pronephros  itself.  It  first  appears  in  the  somatic  mesoblast,^ 
arising  by  the  fusion  of  the  peripheral  ends  of  the  pronephric 
tubules  to  form  a longitudinal  collecting  tube  (Figs.  274,  277,  b), 
which  extends  backwards  to  open  into  the  cloaca,  thus  establishing 
a communication  between  the  coelome  and  the  exterior. 


^ III  Elasmobranchs  its  origin  can  be  traced  to  the  eiiiblast. 
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Fig  -N3.-A  Series  of  Diagrammatic  Figures  illustrating  the 
THE  Comparative  Morphology  of  the  Urinogenital  Organs 
Vertebrata  given  in  the  Following  Pages. 

A the  pronephros  stage  of  the  Anamnia ; B,  a later  stage  of  the  same  , C,  the 
’ 'urirgeS  male  Amphibian;  D the 

E pronephros  stage  of  the  Amniota,  the  mesonephros  as  yet  rudimentaiy  , 
F:  KoSSl  «pWt»  of  «.=  Amniota  at  » stage  .t  *h.el.  he  8«e  «e 
not  differentiated  ; G,  urinogenital  apparatus  of  male  Amniota  , H,  the  same 

°yron?p\tor^'S  iFict  of  the  pronephros;  ms.,  the 
soLphros-  771.S.S,  part  of  the  mesonephros,  becoming  conveited  into 
epididymis  and  parovarium  ; ms.r,  vestiges  of  the  mesonephros  th^  paia- 

dMymis  and  the  paroophoron;  t,  rote  ! 

network  homologous  with  these  structures  at  the  hiliim  of  the  o\  aij  , hy.^-, 
stalked  hydatid f ms.z,  portion  of  the  mesonephros  which  in  Amphibians  and 
Elasmobranchs  becomes  the  so-called  pelvic  kidney ; d.ms,  duct  of  the 
mesonephros,  which  in  male  Amphibians  and  Elasinobranchs  becoines 
(Ficf.  cf  the  urinogenital,  and  in  females  (Fig.  D)  the  urinary  duct.  In 
mafe  Amniota  it  gives  rise  to  the  seminal  duct  (Fig.  G),  and  in  the  female  to 
Gartner’s  duct  (Fig.  H) ; r.s,  the  seminal  vesicle,  an  outgrowth  of  the  duct 
of  ur,.Uon.pE  mileria,,  cU.ot  which  m M.mm.ls  bcc„m« 

differentiated  (Fig.  H)  into  the  Fallopian  tube  (/  ),  the  uterus  ( d),  and  the 
vagina  (w/) ; vs,  its  abdominal  aperture;  hy,  and  7g??i(Fi^G,  unstalked 
hydatids  and  uterus  masciilimis  (vestiges,  in  the  male,  of  the  Mallei lan  cliict, 
d.m-.)  ; m.t.,  the  definitive  kidney  or  metanephros  of  the  Amniota,  said  to 
arise  from  the  ureter  (nr),  itself  an  outgrowth  of  the  mesonephric  duct ; al, 
allantois  or  urinary  bladder ; su,  urinogenital  sinus  ; p.rj,  genital  prominence, 
<j.(j,  gonads,  undifferentiated  stage;  ov,  ovary;  <s.,  testis;  cl,  cloaca;  a!., 
rectum  ; p.a,  abdominal  pore  ; (j.c,  Cowper’s  glands. 


Tabulatep  Resume  of  the  Facts  Pictorially  Illustrated  on  the  opposite 

Page. 


Aiianmia. 


Amniota. 


— so 


I I 


O 2 


Develops  in  all  Anamnia,  but 
rarely  persists  as  a permanent 
excretory  organ. 


Still  develops  in  the  Amniota, 
but  as  an  excretory  organ  under- 
goes entire  degeneration  in  the 
embryo : it  may  take  part  in  the 
formation  of  the  suprarenal 
body  (?) 


S. 

% 


1) 


o 1 5 

o ; a> 


In  Elasmobraiichii,  appears  to 
give  origin  by  subdivision  to 
both  mesonepliric  (Wolffian) 
and  Miillerian  ducts.  In  Am- 
phibia, becomes  converted  into 
tlie  mesonephric  duct.  Its  fate  in 
other  Anamnia  is  not  yet  fully 
investigated. 


Functions  in  all  Anamnia  as  a 
urinary  gland.  In  Elasmo- 
branchs, Amphibians,  and  one 
or  two  higher  Fishes,  its  anterior 
portion  becoines  related  to  the 
male  genital  apparatus,  tlie 
posterior  portion  jiersisting  as  a 
permanent  kidney. 


Probably  persists  as  the  meso- 
nephric (Wolffian)  duct,  and  con- 
tributes in  some  to  the  forma- 
tion of  the  Mullerian  duct. 


Loses  its  renal  function  in  all 
Amniota  (as  a rule  in  the  em- 
bryo), and  becomes  vestigial, 
except  so  far  as  it  becomes  an 
accessory  portion  of  the  repro- 
ductive apparatus  in  the  male 
and  enters  into  the  formation  of 
the  .stiprarenal  body  (?) 
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Tabulated  Resume — [Continued). 


Aiiamniii. 


The  proximal  portion  becomes 
in  most  cases  {except  in  C3'clo- 
stomes  and  Teleosts)  related  to 
tlie  testis  and  functional  in  the 
transmission  of  the  semen,  the 
distal  functioning  as  a kidnej'. 


Persists  as  the  kiduej'. 


Aimiiotii. 


The  proximal  end  becomes  the 
rete  and  vasa  efferentia  testis, 
tlie  caput  epididymis,  and  per- 
haps also  the  stalked  hydatid 
i of  Morgagni : the  distal  end  be- 
comes the  paradidj'mis  (Giralde’s 
organ). 


The  gi'eater  part  of  the  proxi- 
mal portion  becomes  the  par- 
j ovarium,  the  distal  the  paroo- 
])horon. 


Functions  in  most  higher  j The  proximal  portion  becomes 
Fishes  mciel}-  as  tlie  urinary  I tlie  corpus  and  cauda  epidymis 
duct.  I and  the  distal  the  seminal  duct 

In  Flasmobranchs,  Amiihi-  (vas  deferens), 
bians,  and  some  Ganoids,  serves 
as  the  urinogenital  duct. 


Functions  exclusively'  as  the 
duct  of  the  mesonephros,  i.c., 
the  urinaiy  duct. 


Tlie  greater  part,  as  a rule, 
degenerates  ; the  proximal  por- 
tion may' be  retained  in  a vestigial 
form  in  the  I'egion  of  the  par- 
ovarium. In  certain  cases  it 
may  persist,  as  a whole,  as 
Gilrtner’s  canal.  The  distal  end 
becomes  the  organ  of  Weber. 


I In  Elasmobranchs  it  degene- 
rates in  ])ost-embry'onic  life, 
vestiges  of  its  proximal  portion 
. being  retained.  Its  existence 
: in  most  other  Fi.shes  is  doubt- 
j fill.  In  Dipnoi  and  Amphibia  it 
is  retained,  at  any  rate  for  some 
, time,  for  its  whole  length,  in  a 
I functionless  and  often  but  little 
I degenerate  condition. 


When  present,  becomes  tlie 
I whole  genital  duct. 


i Probably' unrepresented  (comp 
Ip.  352). 


The  proximal  portion  becomes 
the  unstalked  hy'datid  of  Mor- 
gagni, the  distal,  in  some  Mam- 
mals, the  so-called  ‘ •'  uterus 
masculinus.”  In  exceptional 
cases  the  whole  is  retained  as 
Rathke’s  duct.  In  Sauropsida 
the  distal  part  usually  dis- 
appears. 


Becomes  the  whole  genital 
duct. 


Apxiears  to  arise  in  part  (ure- 
ter) from  the  distal  end  of  the 
mesonephric  duct,  and  in  part 
(secreting  elements)  as  a caudal 
extension  of  the  mesonephros. 
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The  pronephros  itself  has  only  a transitory  function  as  an 
excretory  organ.  Its  duct,  however,  always  persists,  and  usually 
undergoes  important  modifications,  which  are  closely  connected 
with  the  appearance  of  a second  and  more  extensive  series  of 


excretory  segmental  tubules,  which  appear  later,  mainly  posteriorly 
to  the  pronephros,  and  constitute  the  mesonephros  or  mid- 
kidney; the  pronephric  duct  now  serves  as  a mesonephric  duct. 

The  mesonepliros,  often  known  as  the  Wolffian  body  (Figs. 
2/3,  274,  277,  b),  is  sometimes  regarded  as  corresponding  simply^to 


346 


COMPARxVTIVE  ANATOMY 


a *'  later  generation  ” of  pronepliric  tubules.  It  appears  more 
probable,  however,  that  this  organ  originates  independently  from 
a j)art  of  the  mesoblastic  somites  situated  more  dorsally  than  that 
which  gives  rise  to  the  pronephric  tubules.  Primitively,  the 
mesonephros  is  strictly  metameric,  owing  to  the  fact  that  each  of 
its  tuhules  corresponds  to  the  primary  channel  connecting  the 
cavity  of  a somite  with  the  unsegmented  coelome  (Fig.  274).  The 
loss  of  connection  between  these  two  sections  of  the  primary 
coelome  results  in  a scries  of  segmental  ne]Dhridia,  each  of  which 

opens  into  the  body-cavity  by  a ne23hros- 
tome,  while  at  its  other,  or  blind  end,  it 
comes  into  connection  with  the  prone- 
phric duct — or  mesonephric  duct  as  it 
must  now  be  called  (Fig.  275).  Tiie 
glomus  of  the  pronephros  is  continued 
backwards,  and  in  the  region  of  the 
mesonephros  breaks  up  into  portions,  or 
fjlovieridi,  each  of  wliich  is  situated  in  a 
.small  cavity  constricted  off  from  tlie 
co?Iome  and  023ening  into  a mesone|)hric 
tubule,  forming  what  is  known  as  a 
Malpighian  capsule,  (Figs.  274,  275). 

Each  mesonet^hric  tubule,  then,  in 
its  primitive  form,  is  made  up  of  tlie 
following  2^ortions  (Fig.  275) : — (1)  a 
funnel-shaped  ciliated  aperture,  commu- 
nicating with  the  body-cavity  (iiephro- 
stome,  or  peritoneal  funnel) ; (2)  • a 

rounded  mass  of  cajDillaries  {glomerulus), 
which  is  situated  within  a cavity  {Mal- 
'pighian  eapsule)  derived  from  the 
coelome;  and  (3)  a coiled  glandular 
iuhule,  opening  into  a collecting  (me- 
sonephric) duct.  Thus  the  mesoneiffiros, 
as  well  as  the  pronephros,  besides  its 
main  function  of  excreting  waste  jero- 
ducts  by  means  of  the  ejDithelial  cells 
lining  the  tubules,  serves  also  to  conduct  water  derived  from  the 
blood  in  the  glomeruli,  and  peritoneal  fluid,  from  the  body. 

The  mesonephros  is  of  greatest  importance  in  the  Anamnia  : in 
many  Fishes  it  serves  exclusively  as  a urinary  organ,  but  in 
Elasmobranchs  and  higrber  forms  it  also  takes  on  certain  relations 
to  the  generative  apparatus,  giving  rise  to  the  rete  and  vasa 
efferentia  of  the  testis,  as  well  as  to  the  parorehis  or  epididymis  (ja 
350),  and,  in  Amniota,  to  other  more  or  less  rudimentary  organs 
of  secondary  importance  (compare  Fig.  273).  Nevertheless,  it  may 
still  serve  as  the  permanent  urinary  organ  (Elasmobranchs,  Am- 
phibians), or  may  more  or  less  entirely  disappear  as  such  (Amniota) ; 
in  the  latter  case,  a third  series  of  tubules  is  formed,  giving  rise 


ST 


Fi(i.  27'). — l)i.\<iu.\:\i  OK  TiiK 

M KSOXKIMIKIC  Tu1)CI.K.S, 
SIIOWINC  TIIIOIK  (SHCOND- 

aky)  Co.xnkction  with  tiik 
MivS(jxj:piikic  Duct  (»SY/). 

Tlie  two  anterior  tuljules  are 
already  connected  witli  the 
dnet,  wliile  the  two  posterior 
have  not  yet  readied  .so  fai’. 
S'f,  nephrostoine ; M,  Mal- 
pighian capsule  with  glome- 
rulus ; DS,  coiled  glandular 
tubule ; ES,  terminal  por- 
tion of  latter. 
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to  a metanephros,  or  hind-kidney,  with  which  is  connected  a 
metanephric  duct  or  ureter. 

The  metanephros  corresponds  to  a later  developed  posterior 
section  of  the  mesonephros.  Each  metanephric  duct  apparently 
arises  as  a hollow  outgrowth  from  the  posterior  end  of  the  meso- 
nephric duct,  where  the  latter  opens  into  the  cloaca.  It  gradually 
extends  forwards,  and  comes  into  connection  Avith  a series  of 
tubules  developed  as  huds  from  the  hinder  end  of  the  mesone- 
phros and  provided  Avith  coelomic  Malpighian  capsules  and  Avith 
glomeruli,  but  not  Avith  nephrostomes.  The  iDOsterior  end  of  the 
ureter  soon  loses  its  connection  Avith  the  mesonephric  duct,  and 
opens  independently  either  into  the  cloaca  or  into  a urinary  bladder 
(Figs.  294—297). 

The  Male  and  Female  Generative  Ducts. 

In  the  Elasmobranchii,  Amphibia,  and  Amniota,  tv)o  canals  are 
formed  in  connection  Avith  the  primary  excretory  apparatus  : one 
of  these  is  knoAvn  as  the  secondary  mesonephric  or  Wolffian  duct — 
Avhich  in  male  Elasmobranchii  and  Amniota  functions  as  a seminal 
duct  or  vas  deferens  and  in  male  Amjahibia  as  a urinogenital  duct,  and 
the  other  as  the  Mullerian  duct — Avhich  opens  anteriorly  into  the 
coelome  and  serves  in  the  female  as  an  oviduct  (Figs,  278,  279). 
The  Wolffian  duct  becomes  rudimentary  in  the  female — except  in 
Amphibians,  in  AAdiich  it  still  serves  as  a urinary  duct  (Fig.  279) — 
and  the  Mullerian  duct  remains  in  a more  or  less  rudimentary 
condition  in  the  male.  These  tAvo  ducts  in  some  cases  (Elasmo- 
branchs)  arise  by  a splitting  of  the  primary  mesonephric  duct 
into  tAvo  (Fig.  278),  but  more  usually  the  Mullerian  duct  arises 
independently  from  the  coelomic  epithelium.  All  the  urinogenital 
ducts  are  lined  by  a mucous  membrane,  external  to  which  are 
muscular  and  connective  tissue  layers.  (For  the  relations  of  the 
urinary  and  generative  ducts  in  other  Fishes  and  in  Dipnoans 
see  pp.  360-363.) 

The  Gonads  (“  Generative  Glands  ”). 

The  sexual  cells,  Avhich  give  rise  to  the  ova  and  spermatozoa 
originate  from  the  germinal  epithelium,  Avliich  corresponds  to 
a differentiation  of  part  of  the  coelomic  or  peritoneal  epithelium  on 
the  dorsal  side  of  the  body-cavity  on  either  side  of  the  mesentery, 
and  into  Avhich  the  adjacent  mesoblastic  stroma  penetrates ; thus 
a pair  of  gonads  or  “sexual  glands”  is  formed  (Fig.  274). 

Primitively  the  gonads  wore  arranged  segmentally,  and  extended  tlirough- 
(Hit  a greater  number  of  body  .segments  (compare  Amphioxus,  p.  359). 

The  primitive  germinal  cells  are  at  first  entirely  undifferen- 
tiated, but  in  the  course  of  development  a differentiation  takes 
place,  resulting  in  the  formation  of  a male  or  a female  gonad,  i.c., 
a testis  or  an  ovary. 
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The  mode  of  development  of  the  ova  and  spermatozoa  is  brief!}'  as 
follows  : — 

Ova. — The  cells  of  the  germinal  epithelium  grorv  inwards  amongst  the 
stroma  of  tlie  ovary  in  tlie  form  of  clustered  masses  : some  of  these  increase 
in  size  more  than  the  others,  and  give  rise  to  the  ova,  while  the  smaller  cells 
form  an  investment  of  follicle  round  them,  and  serve  as  nutritive  material. 
Tlie  investing  cells  multiply,  and  in  Mammals  a cavity  containing  a fluid 
is  formed  in  the  middle  of  each  follicle  (Fig.  276)  : the  main  mass  of  the 
follicular  cells  which  enclose  the  ovum  project,  as  the  discus  2^^'oli<jei'n^,  into 
tlie  cavity  of  the  follicle.  When  ripe,  the  ovum,  surrounded  by  a vitelline 
membrane,  comes  to  the  surface  of  the  ovary  and  breaks  through  into 
the  abdominal  cavity  ; it  then  passes  into  the  coeloiiiic  aperture  of  the 
oviduct.  A certain  amount  of  blood  is  poured  out  through  the  broken  ends 
of  the  ve.ssels  in  the  stroma  of  the  ovary  into  the  cavity  of  the  follicle  in 
which  the  ovum  lay  : this  “wound”  then  clo.ses  up,  and  its  contents  undergo 
fatty  degeneration,  giving  rise  to  a body  of  yellow  colour,  known  as  the 
corpus  lufeiim. 

Spcrmalozoti. — .\s  in  the  case  of  the  female,  jirimitive  germinal  cells  can 
bo  at  first  distinguished  in  the  development  of  the  male  generative  elements. 
These  give  rise  to  a series  of  seminal  tuhules  (Fig.  300),  containing  larger  and 
smaller  cells ; the  former  undergo  divi.sion  to  form  the  sperm-cells  or 
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Fig.  276. Sectiox  THRoroii  a Fortiox  of  the  Ovary  of  a Mammal,  showing 

THE  Mode  of  Development  of  tub  Graafian  Follicles. 


KE,  germinal  epithelium,  ingrowths  from  which  extend  into  the  stroma  of  the 
ovary  to  form  the  ovarian  tubes  (749):  the  stronia  is  penetrated  by  vessels 
U U primitive  ova ; S,  cavity  between  the  follicular  epithelium 
granulosa,  Mn)  and  the  primitive  ova  ; Lf,  liquor  folliculi ; 77,  diseus 


((f.fj) ; U,  U,  primitive  ova  ; 

(tunica  granulosa,  d/g)  and  til- , • i 

proligerus  ; Ei,  ripe  ovum,  with  its  germinal  veside  (K)  and  germinal  spot ; 


Mp,  zona  pcllucida,  showing  radiated  structure  ; Tf,  theca  folliculi. 

.spermatozoa.  The  nucleus  gives  rise  to  the  so-called  “ Fead  ” of  the  siierma- 
tozoon,  while  the  surrounding  protoplasm  becomes  difterentiated  to  foim  the 
motile  “tail,”  which  serves  as  an  organ  of  ])ropulsion,  the  neck 
(Mittelstlick)  arising  from  the  centrosome  of  the  cell  (p.  3). 
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b.  SPECIAL  PART. 

Ukinauy  Organs. 


In  Amphioxus  a series  (90  or  more)  of  independent  segmental 
tubules  are  present  on  either  side  in  the  reduced  section  of  the 
coelome  situated  on  the  dorsal  side  of  the  pharynx  (“  dorsal 
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Fu!.  -277.— Riac:b.\mm.vtic  Transverse  Sections  through  A,  Amphioxus,  in 
THE  Branchiae  Region,  and  B,  an  Elasmobranch  Embryo,  based  on 
BoverTs  Figures. 


he  A,  the  section  passes  through  a branchial  cleft  on  the  right  side,  and  shows  a 
transverse  section  of  the  anterior  limb  of  a nephridium  (A')  ; on  the  left,  a 
nephridium  (A')  is  indicated  showing  its  communication  with  the  coelome  (B) 
and  with  the  atrial  chamber  ((7).  A,  genital  section  of  cadome  (an  ovary  is 
indicated  on  the  right  .side) ; D,  section  of  the  ccelome  vdiich  extends  down 
the  branchial  bars  ; F,  ventral  aorta. 

In  B,  the  section  represents  the  pronephric  region  on  the  left,  and  the  meso- 
nephric region  on  the  right.  A,  rudiment  of  a mesonephric  tulnde,  the 
blind  end  of  which  subse<iuently  comes  to  open  into  the  pro-  (or  meso-) 


nephric  duct  (C)  as  indicated  by  the  dotted  lines  on  the  right.  B,  nephro- 
stome  ; IJ,  cadome  : F,  subintestinal  vein. 


In  both  fiijureH,  E,  lumen  of  gut  ; G',  aorta  ; IT,  ])ortion  of  commissural  vessel 
which  comes  into  relation  with  tlie  excretory  system. 


ccelomic  canals”).  Each  of  these  tubules  comes  into  close  relation 
with  a branchial  blood-vessel,  possesses  a varied  number  of  lateral 
branches,  and  opens  on  the  one  hand  into  the  coelome  by  several 
ciliated  funnels  or  nephrostomes,  and  on  the  other  by  a single 
aperture  into  the  atrial  or  peribranchial  chamber  (p.  275),  which 
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thus  also  serves  as  an  excretoiy  duct  (Figs.  219  and  272,  A). 
The  segmental  arrangement  of  the  tubules  in  the  adult  corre- 
sponds to  that  of  the  branchial  apparatus,  and  not  to  that  of  the 
myotonies.  No  nephridia  are  present  posteriorly  to  the  pharynx, 
and  it  is  possible  that  the  excretory  system  of  Amphioxus  may  bo 
to  a certain  extent  comparable  to  an  early  stage  of  the  pronephros 
of  the  Craniata, 

In  Cyclostomes  the  pronephros  persists  beyond  the  larval 
period,  and  for  some  time  at  any  rate,  functions  as  the  sole  excre- 
tory organ : it  possesses  three  or  four  nephrostomes.  In  Petro- 
myzon  it  is  soon  replaced  by  a mesonejihros,  and  the  pronephros 
then  becomes  rudimentary  : between  the  two  a fat-body  is  situated. 
In  Myxine  it  is  uncertain  whether  the  whole  kidney,  or  only  its 
anterior  part,  represents  the  iironephros.  The  kidney  does  not 
come  into  relation  witli  the  generative  organs,  and  its  duct,  which 
opens  on  either  side  into  the  urinogenital  sinus,  probably  represents 
the  unaltered  proncphric  duct. 

In  the  Teleostei  the  pronephros  has,  in  the  majority  of  cases, ^ 
only  a temporary  significance,  and  the  mesonephros  constitutes 
the  excretory  organ  of  the  adult : it  consists  of  a narrow 
band  varying  in  size  and  diameter  in  dififerent  regions,  situated 
on  the  dorsal  side  of  the  body-cavity,  between  the  vertebral, 
column  and  the  air-bladder.  Secondary  fusions  between  the 
organ  of  either  side  often  occur.  The  urinary  duct  in  both  groups 
probably  represents  the  pronephric  duct,  and  may  lie  more  or  less 
freely,  or  be  embedded  in  the  substance  of  the  kidney.  Posteriorly 
the  two  ducts  usually  fuse  together  and  become  expanded  to  form 
a kind  of  urinary  bladder  (compare  Figs.  286  and  287)  which  has 
nothing  to  do  with  the  allantoic  bladder  of  Amphibia  and  Am- 
niota.  The  bladder  usually  opens  behind  the  anus — either  inde- 
pendently or  together  with  the  genital  ducts — by  a simple  pore,  or 
on  the  summit  of  a urinogenital  papilla. 

Thus  a differentiation  of  tlie  pronephric  (or  primary  mesoneiDbric) 
duct  into  a Wolffian  and  a Mullerian  duct  is  not  known  to  occur  in 
Teleostei,  nor  does  the  mesonephros  come  into  connection  with 
the  gonads ; in  Elasmobranchii,  in  which  the  pronephros  is 
more  rudimentary,  this  differentiation  takes  place  (p.  346),  and 
at  the  same  time  a distinction  between  an  anterior  and  a 
posterior  section  of  the  mesonephros  may  be  observed  (compare 
Figs.  278,  289,  and  290).  In  the  male,  the  ioxm&v  (jjarorehis  or 
epididymis)  comes  into  connection  with  the  testis  by  means 
of  small  ducts,  the  msa  effereniia,  and  its  tubules  open  directly 
into  the  Wolffian  duct,  which  thus  functions  as  a vas  deferens 
only  ; while  the  latter,  which  persists  as  the  permanent  kidney, 
empties  its  secretion  by  means  of  separate  urinary  ducts  into 
the  base  of  the  Wolffian  duct.  In  the  female  the  Wolffian 

1 It  is  said  to  persist  in  Fic.rasfar,  Lo2>hius,  Ductyloiitcrm,  Orlhagoriacus  mola, 
Mora  mediterrunea,  and  the  i]fan'iirkla\ 
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ri(i.  27Sa. Diagram  of  the  Primitive  Condition  of  the  Kidney  in  an 

Elasmobrancii  Embryo.  (After  Balfour.) 

ml,  proiiephric  duct : it  opens  at  o into  the  body-cavity,  and  its  other  extremity 
communicates  with  the  cloaca  ; ai,  line  along  which  the  division  appears  which 
separates  the  pronepliric  duct  into  the  Wolffian  duct  above,  and  the  Mullerian 
diict  below  ; n.t,  nephridial  tubes  : they  open  at  one  end  m the  body-cavity, 
and  at  the  other  into  the  Wolffian  duct. 


oir 


Fig.  278b.— Di.agram  of  the  Arr.vngement  of  the  Urinogenital  Organs  in 
AN  Adult  Female  El.asmobranch.  (After  Balfour. ) 

m.d,  Mullerian  duct ; iv.d,  Wolffian  duct ; d,  urinary  duct ; s.t,  nephridial  tubes  : 
five  of  them  are  represented  ivith  openings  into  the  body-cavity  : the  posterior 
nephridial  tubes  form  the  functional  kidney  ; or,  ovary. 


Fig.  278c.— Diagram  of  the  Arrangement  ok  the  Urinogenital  Organs  in 
AN  Adult  Male  Elasmobrancii.  (After  Balfour.) 


m.d,  rudiments  of  Miillerian  duct ; vhd,  Wolffian  duet,  marked  rd  in  front,  and 
serving  as  vas  deferens  ; n.t,  nephridial  tubes:  two  of  them  arc  represented 
ivith  openings  into  the  body-cavity  : the  anterior  tubules  give  rise  to  the 
parorchis  or  epididymis  and  the  posterior  ones  to  the  functional  kidney  ; d, 
urinary  <luct ; t,  testis  ; nt,  canal  at  the  base  of  tlie  testis ; VE,  vasa 
efferentia  ; Ir,  longitudinal  canal  of  the  Wolffian  hody. 
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duct  is  rudimentary,  and  tbe  ova  pass  to  the  exterior  by  meaus  of 
the  Mullerian  duct. 

This  special  differentiation  of  the  hinder  part  of  the  rneso- 
uephros,  and  the  formation  of  special  ducts  in  connection  with  it, 
seems  to  foreshadow  the  condition  which  occurs  in  the  Amniota 
(pp.  346  and  356). 

Tlie  anterior  (sexual)  ]iart  of  tlie  kidney  is  usually  broader  than  the 
posterior  (renal)  part.  Tlie  outer  border  is  usually  notched,  and  this, 
togetlier  with  the  arrangement  of  tlie  ne]ihrostoines  in  the  embryo,  points 
to  the  original  segmental  arrangement  of  the  organ.  The  segmental  char- 
acter, liowever,  disappears  later  on  ; in  tlie  adult  the  nephrostomes  are 
mucli  less  numerous  than  the  vertebrm  of  this  region,  but  their  number 
and  size  vary  much  in  difl'erent  genera  and  even  in  individuals,  and  they 
ajiparently  do  not  jicrsist  in  all. 

The  morphology  of  the  kidneys  and  renal  ducts  in  G-anoids  (Figs. 
286  and  287)  requires  further  investigation.  They  seem  on  the 
whole  to  resemble  those  of  Teleosts,  though  in  the  Sturgeon  they 
apparently  show  points  of  similarity  to  those  of  Elasmobranchs. 
As  in  the  Teleostei,  a well-developed  pronephros  is  present  in 
tlie  larva,  and  the  kidney  duct  probably  represents  the  pronejDhric 
duct. 

In  many  I'ishes  the  kidneys  extend  far  back  into  the  root  of 
the  tail. 

A close  examination  of  the  organ,  which  appears  to  the  naked  eye  as  the 
kidney  in  Teleosts  and  Ganoids,  shows  that  a larger  or  smaller  portion  of  it 
— more  ])articularly  the  anterior  jiart — consists  of  an  adenoid  or  lymphoid 
substiince. 

In  the  Dipnoi  the  kidneys  also  undoubtedly  correspond  to 
the  mesonephros.  They  arc  relatively  longer  in  Protopterus 
(Fig.  288)  than  in  Ceratodus,  extending  through  a considerable 
portion  of  the  body-cavity:  as  in  Elasmobranchs,  a narrower 

anterior  can  be  distinguished  from  a broader  posterior  part,  and 
the  whole  is  largely  invested  by  lymphoid  and  adipose  tissue. 
Nephrostomes  are  wanting.  Until  their  development  is  known, 
it  is  uncertain  to  what  extent  the  renal  ducts  correspond  to  the 
primary  mesonephric  ducts : each  opens  into  the  cloaca  inde- 
pendently, behind  the  genital  aperture.  The  cloacal  ctecum  (p.  262) 
probably  functions  as  a urinary  bladder. 

Amphibia. — The  pi'onephros  is  well  developed  in  the  larva, 
and  is  particularly  large  in  the  Gymnoj^hiona,  in  which  as  many  as 
12  or  13  nephrostomes  may  be  present. 

In  adults,  the  most  primitive  condition  is  met  with  in  the 
Gymnophiona,  in  which  the  kidney  (mesonephros)  consists  of  long, 
narrow,  varicose  bands,  usually  extending  from  the  heart  to  the 
anterior  part  of  the  cloaca,  which  latter  is  often  much  elongated. 
In  the  embryo  they  consist  of  definite  masses,  which  are  arranged 
metamerically,  and  in  each  of  them  a glomerulus,  a nephrostome, 
and  an  excretory  duct  can  be  distinguished  (Fig.  291).  This  con- 
dition sometimes  persists  in  the  anterior  portion  of  the  kidney. 
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but,  owing  to  secondary  processes  of  growth,  as  many  as  twenty 
nephrostomes  are  later  on  met  with  in  a single  body-segment.  The 
number  of  nephrostomes  in  the  entire  kidney  may  amount  to  a 
thousand  or  more. 

As  regards  the  urinary  duct  and  the  relations  of  the  entire 
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f lo.  279. — Diagram 

Female  Urodele  ; founded  on  a Preparation 
(After  .J.  W.  Spengel. ) 

Ho,  testis;  Fe,  Fe,  vasa  efferentia  of  testis,  which  open  into  the  loncituclinal  cam 
of  tlie  mesonephros,  f ; a,  collecting  tubes  of  the  mesonepliros,  which  open  int( 
the  \\  olfhan  (urinogenital)  duct  {l,j,  I,,) ; in  the  female  the  latter  se!we‘ 

wnM  {(7r),  and  the  system  of  the  vasa  efferentia  (testicu 

lat  network)  is  riulimentary  ; m<j,  iw/  (Od),  Miillerian  duct ; Ot  ccelomic 
aperture  of  latter  m the  female  ; Ov,  ovary  ; ON,  anterior  sexual  iiortion  o 
kidney  (parorchis  of  the  male) ; N,  posterior  non-sexual  portion  of  kidney. 

renal  apparatus  to  the  generative  organs,  the  Gymnophiona  ii: 
all  essential  points  resemble  other  AmjDhibia. 

The  kidneys  of  Urodela  and  Anura  are  situated  in  the  usua 
position  on  the  dorsal  side  of  the  body-cavity ; in  the  former  they  art 
band-like  and  more  extended  longitudinally  than  in  the  latter 
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in  whicli  they  are  shorter  and  more  compact,  and  are  confined 
to  the  middle  portion  of  the  coelome. 

In  Urodeles  they  always  consist  of  a narrow  anterior,  and  a 
broader  and  more  compact  posterior  portion.  The  latter,  as  in 
Elasmobranchs,  gives  rise  to  the  functional  kidney  (Fig.  279), 
while  the  former  becomes  connected  in  the  male  with  the 
generative  organs.  Delicate  vasa  efferentia,  developed  from  the 
mesonephros,  pass  out  from  the  testis  (Figs.  279,  280, 
292)  into  the  substance  of  the  kidney,  and  there  open  into  the 
renal  tubules ; they  may  either  enter  the  kidney  direct,  or 

else  open  fii’st  into  a longitudinal 
collecting  duct,  from  which  fine 
canals  pass  to  the  tubules.  Thus 
the  seminal  fluid  passes  through 
the  nephridia  as  well  as  through 
the  Wolffian  duct,  which  serves  as 
a urinogenital  duct. 

In  Urodela  and  Anura  of  both 
sexes  the  Wolffian  duct  nearly 
always  opens  sepai’ately  on  either 
side  into  the  cloaca,  receiving  first, 
in  Urodeles,  a number  of  ducts 
from  the  posterior  part  of  the 
kidney  (compare  Elasmobranchs, 
p.  350).  In  Anura  the  Wolffian 
ducts  pass  some  distance  indepen- 
dently along  the  body-cavity,  in 
corresiDondence  with  the  position 
of  the  kidneys,  and  a seminal 
vesicle  opens  into  each  (Fig.  281). 

The  urinary  (allantoic)  bladder 
(.see  p.  259)  opens  into  the  cloaca 
ventrally,  opposite  to  the  urino- 
genital  apertures.  In  its  simplest 
form  it  is  finger-shaped  {e.g.,  Siren, 
Proteus),  but  it  usually  becomes 
.swollen  distally  and  is  often  bi- 
lobed  : in  Alytes  and  Bombinator 
it  forms  a double  sac. 

Slight  indications  of  a seg- 
mental arrangement  are  found  only 
in  the  anterior  sexual  portion  of 
the  kidney  of  Urodeles ; in  the  posterior  part,  and  in  the  entire 
kidney  of  Anura,  all  traces  of  segmentation  have  disappeared.  In 
both  cases,  however,  the  nephrostomes  remain  throughout  life 
in  great  numbers  on  the  ventral  surface  of  the  kidney,  which 
is  covered  over  by  the  peritoneum  (Fig.  281). 

The  nephrostome.s  are  connected  with  tlie  urinary  tul)ules  in  larval  Anura, 
but  later  on  they  become  .separated  from  them,  and  open  into  the  renal 
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Fio.  280. — M.vlk  Urinooknit.vl 
Or(!.\ns  of  liana  eHCidenta. 

Ur,  Ur,  Urinogenital  (Wolffian) 
ducts,  which  appear  on  the  lateral 
surface  of  the  kidne}'s  at  f ; S, 
S',  their  apertures  into  the  cloaca 
(Cl)  ; Ho,  Ho,  testes  ; FK,  FK, 
coi’pora  adiposa  ; Cv,  postcaval 
vein  ; Ao,  aorta  ; Vr,  revehent 
renal  veins. 
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Fifi.  281. — Kidney  of  Difn-onlosmix  piclux.  From  the  ventral  surface,  showing 
the  neplirostonies  (ST).  (After  J.  W.  Spengel). 

Ur,  urinogenital  duct,  enlarging  at  Ur^  to  form  a seminal  vesicle. 

veins.  In  con.sequence  of  this  change  of  function,  for  such  it  must  be 
considered,  the  body-cavity  of  adult  Anura  form.s  a closed  lynipli-.sinus,  as  in 
the  Amniota  ; the  peritoneal  fluid,  which  in  tlie  larva  was  carried  to  the 
exterior  and  lost,  is  in  the  adult  poured  into  the  general  circulation,  like  the 
re.st  of  the  lympli. 
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Reptiles  and  Birds. — In  the  Sauropsida,  as  in  the  Mammalia, 
the  mesonephros,  so  far  as  it  is  retained  in  the  adult,  is  entirely 
separate  from  the  functional  excretory  aiDparatus ; this  consists 
of  a metanephros,  entirely  wanting  in  nephrostomes  (compare 
p.  346  and  Fig.  273). 

The  metanephros  never  extends  so  far  along  the  body-cavity 
as  does  the  mesonephros ; as  a rule  it  has  the  form  of  a small 
compact  or  lobulated  organ,  usually  situated  in  the  posterior 
half  of  the  body-cavity,  or  even  entirely  confined  to  the  jDelvic 
region : it  has  the  latter  position,  for  instance,  in  most  Reptiles 


Fi(i.  282.— E.xoretoky  ArPAKATn.s  of  Monitor  indicus. 

The  right  kiilney  is  shown  in  its  natural  position,  while  tlie  left  is  turned  on  its 
longitudinal  axis,  so  that  the  ureter  and  the  collecting  tubes  ai’e  visible.  The 
urinary  bladder  is  not  represented. 

N,  X,  kidnej's  ; SG,  collecting  tubes  which  open  into  the  ureter  ( Ur,  Ur-) ; Ur\ 
aperture  of  ureter  into  the  cloaca. 


(Figs.  282,  294  and  295)  and  all  Birds  (Fig.  283).  The  posterior 
end  of  the  kidney,  which  is  generally  narrower  than  the  rest, 
may  even  extend  under  the  root  of  the  tail,  as  in  Lacerta,  in 
which  region  there  is  a fusion  of  the  organ  of  either  side. 

Thus,  according  to  the  ^Dosition  of  the  kidneys,  the  ureters 
(metanephric  ducts)  either  do  not  extend  freely  along  the 
body-cavity,  or  they  may  have  a longer  or  shorter  free  course. 
The  latter  is  the  case,  for  instance,  in  Crocodiles,  and  more 
especially  in  Birds  (Fig.  283) : in  the  latter  the  kidneys 

are  closely  embedded  within  the  pelvis,  and  their  ventral 
flattened  surface,  which  is  usually  divided  into  three  lobes,  is 
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often  penetrated  by  deep  furrows  and  clefts  in  which  the  veins 
lie  embedded ; posteriorly  they  may  fuse  together  in  the  middle 
line,  as  in  Lizards. 

There  is  not  always  a perfect  symmetry  between  the  organ 
of  either  side,  and  this  is  most  marked  in  Snakes,  in  which  the 


Ao 


Fig.  28.3. — Male  Urinogenital  Apparatus  op  Heron  (Ardea  cinerea). 

X,  kidneys  ; Ur,  ureter,  opening  into  the  cloaca  (6V)  at  Sr ; Ho,  testis  ; Ej),  epi- 
didymis ; Vd,  vas  deferens,  whieh  opens  at  Vd}  on  a papilla  in  the  cloaca  : 
V,  V,  furrows  on  the  ventral  surface  of  the  kidney  in  wliich  veins  lie  em- 
bedded ; Ao,  aorta  ; BF,  bursa  Fabricii,  which  opens  into  the  cloaca  at  BFK 


greatly  lobulated  kidneys,  like  those  of  limbless  Lizards,  are 
elongated,  narrow,  and  band-like,  in  correspondence  with  the 
form  of  the  body. 

A urinary  (allantoic)  hladdcr  arising  from  the  ventral  wall  of 
the  cloaca,  is  present  in  Lizards  and  Chelonians  ; it  is  more  or  less 
bilobed.  A bladder  is  wanting  in  Snakes,  Crocodiles,  and  Birds. 


358 


COMPARATIVE  ANATOMY 


Mammals. — The  definitive  kidneys  (metanephros)  of  Mammals- 
are  proportionately  small,  and  lie  on  the  quadratus  Inmborum 
muscle  and  ribs.  They  usually  possess  a convex  outer,  and  a 
concave  inner  boi’der;  the  latter  is  called  the and  at  this 
point  the  ureters  arise  and  the  blood-vessels  enter.  The  expanded 
proximal  portion  of  the  ureter  is  divided  up  to  form  one 
or  more  calyces  (Fig.  284),  into  which  small  papilliform  processes 

of  i\\Q loyrainids  (see  below)  project; 
on  the  summits  of  these  the  urinary 
tubules  open  in  varying  number. 
The  calyces  are  continuous  with  a 
large  cavity  in  the  widened  portion 
of  the  ureter  called  the  jjcfefs,  and 
from  this  the  ureter  (metanephric 
duct)  passes  freely  backwards  fox- 
some  distance  to  open  into  the 
bladder  (except  in  Monotremes,  Fig. 
290)  on  its  dorsal  side,  sometimes 
nearer  the  apex,  sometimes  towards 
the  fundus.  The  bladder  communi- 
cates with  the  urinoycnital  canal  or 
urethra. 

The  kidney  is  greatly  lobulated 
in  the  embryo ; this  condition  may 
remain  throughout  life,  or  the  lobes 
may  become  more  or  less  comjxletely 
united  (Fig.  285).  In  the  latter  case 
the  original  division  into  lobes  may 
still  be  recognised  more  or  less  plainly  internally.  A section  of 
the  kidney  shows  an  inner  layer,  the  medullary  substance,  ax-ranged 
in  the  form  of  wedges — the  urixxary  joyramids, — and  an  outer  layer, 
or  cortical  substance,  extending  as  the  columxxs  of  Bertini  between 
the  pyramids  (Fig.  284).  The  j^yramids  cox-respond  x-oughly  to  the 
exnbi-yonic  lobes  of  the  kidney,  though  several  lobes  xnay  fuse 
together  in  one  pyramid. 

The  glomeruli  as  well  as  the  coiled  portions  of  the  tubules,  sur- 
rounded by  a network  of  blood-capillaries,  lie  iix  the  cortical 
substance,  while  the  straight  portions  of  the  tubules  extend  through 
the  pyramids,  where  they  gradually  anastomose  to  forxn  larger 
collecting  tubes. 

The  gx-eater  part  of  the  urinary  bladder  does  xxot  corx-e- 
spond  with  the  proxixnal  end  of  the  allantois,  but  to  a special 
differentiation  of  the  cloaca,  which  becomes  divided  into  a 
dorsal  and  a ventx-al  portion  by  the  forxnation  of  a horizontal 
septixm.  The  ventral  portion  gives  rise  to  the  bladdex-,  which 
is  continuous  distally  with  the  stalk  of  the  allantois  (ixrachus, 
see  p.  340),  from  which  the  median  ligament  of  the  bladder 
is  fornxed.  In  Monotrexxxes  axid  xiearly  all  Marsupials  (see 


Fkj.  284.  — I)i.\(iK.\M.M.\Tic  L(),\(;r- 
TUDIN/U.  SkcTION  TJIKonui  TIIK 
Kii)Ni;v  of  .\  iMammal. 

H,  I\,  cortical  .sub.stance ; M,  M , 
medullary  suh.stance  arranged  in 
pj-ramids  (/b-);  between  the 
latter  the  cortical  substance  ex- 
tends in  the  form  of  the  columns 
of  Hcrtini  (B,  B) ; Ca,  calyces  ; 
Be,  pelvis  ; Ur,  uretei-. 
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p.  338)  the  -whole  allantois  takes  part  in  the  formation  of  the 
bladder. 


Fig.  285. — A,  Right  Kidney  of  a Deer  ; R,  Kidneys  {K)  and  8uprarenae 
Bodies  (X.X)  of  the  Human  Embryo.  (Both  from  the  Yeiitral  side.) 

Ur,  ureters. 


Generative  Orga.ns. 

In  Amphioxus  the  gonads  are  developed  in  a part  of  the 
reduced  coelome  situated  on  either  side  of  the  pharynx  .and 
intestine  (Fig.  277,  a)  between  the  outer  body-wall  and  the  atrial 
cavity.  They  have  a marked  segmental  arrangement,  and  each 
portion  sheds  its  products  independently  into  the  atrial  cavity, 
whence  they  pass  out  through  the  atrial  pore  (comptare  p.  275  and 
Fig.  219). 

In  Cyclostomes  also,  generative  ducts  are  wanting  ; the  sper- 
matozoa or  ova  are  shed  directly  into  the  body-cavity,  and  pass 
through  the  genital  pores  (p.  298)  into  the  urinogenital  sinus,  and 
so  to  the  exterior.  The  gonad  is  a long  unpaired  organ  suspended, 
as  in  other  Vertebrates,  to  the  dorsal  wall  of  the  body-cavity  by 
a fold  of  peritoneum,  the  mesorchium  or  mesoarium,  as  the  case 
may  be. 

In  Fishes  the  gonads  are  only  exceptionally  unpaired,  and 
even  tlmn,  this  is  only  a secondary  condition,  due  to  the  fusion 
of  the  two  organs  or  to  the  reduction  of  that  of  one  side ; as  in  all 
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other  Vertebrates,  they  are  originally  paired.  There  is  usually  a 
want  of  symmetry  observable  between  the  organ  of  the  right  and 
left  sides. 

The  testes  and  ovaries  of  Teleostei  closely  correspond  with  one 
another  as  regards  position  and  the  arrangement  of  their  ducts. 
Dorsal  and  ventral  folds  of  the  peritoneum  are  developed  in  con- 
nection with  the  elongated  ovary,  and  these  in  most  cases  meet 
along  its  outer  side,  so  as  to  enclose  a portion  of  the  coelome  and 
thus  convert  the  ovary  into  a hollow  sac,  blind  anteriorly, 
on  the  inner  folded  walls  of  which  the  ova  arise ; this  sac  is 
continued  backwards  to  form  the  oviduct  (compare  Fig.  286).  The 
latter,  which  is  generally  short,  as  a rule  fuses  with  its  fellow  to 
form  an  unpaired  canal;  this  opens  either  by  a genital  pore 
(p.  208)  between  the  rectum  and  the  urinary  aperture  on  a level 
with  the  integument,  or  on  a papilla,  which  may  become  elongated 
to  form  a tube  or  “ ovipositor  ” ; or  the  ducts  may  communicate 
with  a urinogenital  sinus. 

The  testis  of  Teleosts  is  elongated,  and  often  lobulated  in  form. 
Its  duct  has  similar  relations  to  those  seen  in  the  female. 

Thus  the  ducts,  both  of  the  ovary  and  testis,  correspond  to  folds 
of  the  peritoneum  enclosing  a coelomic  cavity  continuous  with  that 
of  the  gonads,  and  originate  quite  independently  of  the  nephridial 
system.  The  oviducts  must  therefore  be  distinguished  from  true 
Mullerian  ducts. 

In  some  Teleosts  the  ovary  is  solid,  and  the  ova  are  shed  into 
the  body-cavity.  In  the  Smelt  (Osmerus)  and  in  Mallotus  the 
oviducts  (“  peritoneal  funnels  ”)  have  open  coelomic  apertures  close 
to  the  ovaries  into  which  the  ova  pass  (compare  Fig.  286,  b)  ; while 
in  other  Sahnonidre  and  in  the  Muraenidae  and  Cobitis,  for 
instance,  these  peritoneal  funnels  are  shorter,  and  may  even  be 
absent,  the  ova  then  being  shed  into  the  urinogenital  sinus 
through  a paired  or  single  genital  pore.  It  is  uncertain  whether 
the  'latter  is  the  primitive  arrangement  amongst  Teleostei,  or 
whether  the  peritoneal  funnels  represent  reduced  oviducts. 

l\Iost  Teleostei  are  oviparous,  but  viviparous  forms  occur  (p.  336).  The 
male  Stickeback  builds  a nest  for  the  protection  of  the  young  formed  of  a 
hardened  secretion  (mucin)  of  the  kidney,  which  undergoes  a change  of 
function  at  the  breeding-season  ; in  Syngnathus  and  Hippocampus  the  young 
<ire  protected  'within  a pouch  on  the  abdomen  of  the  male,  and  in  the  female 
Solenostoma  on  a pouch  between  the  ventral  fins.  Amongst  Siluroids  they 
are  carried  within  the  pharynx  in  the  male  Arius,  and  the  eggs  are  attached 
to  the  soft  ventral  integument  in  the  female  Aspredo. 

Amongst  Ganoidei  the  female  organs  of  Lepidosteus  ai'e  formed 
on  the  same  type  as  those  of  the  Teleostei.  In  Amia  (Fig. 
286,  b)  and  Acipenser  each  oviduct  opens  by  a funnel  into  the 
coelome,  but  in  all  Ganoids  the  oviduct  is  probably  comparable  to 
that  of  Teleosts,  and  not  to  a Mullerian  duct.  In  the  male 
Lepidosteus  a series  of  vasa  efferentia  pass  out  from  tlie  testis  and 


URINOGENITAL  ORGANS 


361 


open  into  a longitudinal  canal  from  which  ducts  pass  into  the 
kidney,  the  duct  of  which  therefore  serves  as  a urinogenital  duct 
(Fig.  287).  The  latter  dilates  before  uniting  with  its  fellow  to 
open  into  the  urinogenital  sinus.  A somewhat  similar  arrange- 
ment appears  to  occur  in  the  male  Sturgeon,  in  which  representatives 
of  the  oviducts  of  the  female  are  present  in  the  form  of  short  coelomic 
funnels  opening  into  the  kidney-ducts.  It  is  probable  that  the  other 
male  Ganoids  also  resemble  Lepidosteus  in  the  structure  of  their 
urinogenital  organs,  which,  however,  require  further  investigation. 

In  the  Dipnoi  (Fig.  288)  the  elongated  gonads  are  invested 


O 


Fio.  286.  Fig.  287. 

Fig.  286. — Fkmale  Ukinoge.nital  Organs  of  A,  Lepidosteus,  and  B,  Amia. 
(A,  after  Balfour  and  Barker  ; B,  after  Huxley.) 

a,  degenerate  anterior  portion  of  kidney  ; W,  bladder  ; kidney  ; oi'd,  oviduct ; 
OK<l\  aperture  of  oviduct  into  bladder  ; onV,  peritoneal  aperture  ; ovij,  ovary  ; 
y,  peritoneum  ; «.//.  ay,  urinogenital  aperture ; ur,  kidney  duct. 

Fig.  287. — Male  Urinogenital  Organs  of  Lepidosteus.  (After  Balfour  and 

I’arker. ) 

hi,  bladder ; Lr,  longitudinal  canal ; U,  testis  ; ay,  urinogenital  aperture  ; nr, 
kidney  duct ; o.af,  vasa  efferentia. 


A 


B 


Fig.  288. — Ukixogenital  Organs  of  l^rolopterw^  annextcns.  A,  Female  ; B, 
iTouNG  jM.vle.  From  the  Ventral  side.  (After  W.  N.  Parker. ) The  peritoneum 
is  removed  on  the  right  side  in  A,  and  on  the  left  in  B. 


In  hath  fi(jures  : K,N^,  kidneys  ; Ost,  ccelomic  aperture  of  Mullerian  duct ; /?/,  ly, 
lymiihatic  tissue  in  connection  with  the  kidneys  ; NG,  kidney  ducts  : ANG, 
apertures  of  kidney  ducts  into  the  cloaca  (d)  ; Pap>,  genital  jmjiilla  in  the 
cloaca  formed  by  the  fusion  of  the  base  of  the  Miillerian  ducts  ; RJ),  cloacal 
cwcum  ; Rc,  rectum  ; Poah,  abdominal  jiore  ; C7p,  iiostcaval  vein,  connected 
by  transverse  anastomoses  [ana)  w'ith  the  left  po.sterior  cardinal  vein  ( V.card). 
The  veins  from  the  gonads  are  also  indicated. 

In  A : or,  Or\  ovaries  ; ord,  ovd',  oviducts. 

In  U : Hod,  testes,  with  their  investment  of  lymphoid  and  adipose  tissue  (LG)  ; 
Jfod.G,  free  portion  of  sperm-duct, uniting  with  the  Miillerian  duct  (MG) 
at  Per,  peritoneum. 
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with  lymphoid  and  adipose  tissue,  and  are  closely  attached  to  the 
outer  border  of  the  kidneys ; when  ripe,  they  become  greatly 
enlarged,  so  as  to  embrace  the  gut  ventrally.  The  oviducts,  which 
doubtless  correspond  to  MCillerian  ducts,  are  long  and  coiled,  re- 
sembling those  of  the  Amphibia:  jjosteriorly  they  unite  before 
opening  into  the  cloaca,  and  each  communicates  anteriorly  with  the 
body-cavity  by  a funnel-shaped  aperture.  The  wall  of  the  ovi- 
duct secretes  albumen  round  the  eggs  as  they  pass  along  it. 

The  manner  in  which  the  sperm  is  conducted  to  the  exterior  in 
Cei’atodus  is  not  understood.  In  Protopterus  (Fig.  288,  b)  the 
seminal  tubules  of  the  testis  open  into  a duct,  embedded  between 
the  lobes  of  the  testis  ventrally.  Behind  the  testis  the  duct  ex- 
tends freely  for  a short  distance,  and  then  unites  with  the  base  of 
the  Mullerian  duct,  which,  as  in  the  female,  joins  with  its  fellow 
to  open  into  the  cloaca  on  the  summit  of  a papilla.  The  rest  of 
the  Mullerian  ducts,  with  their  ostia,  can  still  be  recognised  in 
immature  individuals.  The  sperm-duct  of  Protopterus  is  ap- 
parently a structure  sui  generis ; like  that  of  Teleosts,  it  is  probably 
developed  quite  independently  of  the  nephridial  system. 

In  the  greater  number  of  Elasmobranchs  the  ovaries  are 
paired,  and  the  oviducts,  like  those  of  Dipnoans,  are  separate 
from  the  ovaries,  and  correspond  to  Miillerian  ducts.  Their 
anterior  portion  has  a common  opening  into  the  body-cavity, 
and  further  back  each  is  provided  with  an  oviducal  or  shell-gland. 
The  anterior  part  of  the  oviduct  is  always  narrower  and  more 
delicate  than  the  posterior,  which  dilates  to  form  a kind  of  icterus, 
in  which  (when  the  Shark  is  viviparous)  the  embryo  undergoes  de- 
velopment. Posteriorly,  the  oviducts  open  into  the  cloaca  some- 
what behind  the  aperture  of  the  ureters — either  separately,  or  by 
a common  canal  (Figs.  278,  B,  289). 

Tlie  ovicluc.al  gland  secretes  the  horny  material  for  the  egg-case  or 
“ pui’.se,”  which  is  usually  elongated  and  produced  at  its  four  angles  into 
longer  or  shorter  tendril-like  threads  ; in  Cestracion  it  has  a spiral  ridge.. 
The  majority  of  Sharks  are  viviparous,  and  in  these  the  egg-shell  becomes 
more  or  less  reduced.  In  Mustelus  antarcticus  the  uterus  becomes  divided 
into  several  compartments,  each  containing  an  embryo  surrounded  by  a 
memljrane  api)arently  rei)resenting  the  horny  egg-shell  of  other  forms. 

The  testis  of  Elasmobranchs  is  paired  and  symmetrical,  but  the 
two  organs  may  become  partially  fused  with  one  another.  Vasa 
efferentia  connect  each  testis  with  the  anterior  end  of  the  corre- 
sponding mesonephros  (parorchis),  the  Wolffian  duct  serving  as  a 
vas  deferens  (p.  346),  and  giving  rise  to  a dilated  portion  or 
vesicula  seminalis,  as  well  as  to  a csecal  sperm-sac  where  it  com- 
municates with  the  urinogenital  sinus  : the  latter  opens  into  the 
cloaca  on  the  apex  of  a papilla  (Figs.  206,  278,  c,  290).  Vestiges  of 
the  anterior  end  of  the  Miillerian  ducts  can  be  recognised  even  in 
the  adult  as  a short  transverse  tube  with  a centi’al  ajaerture,, 
situated  below  the  oesophagus  anteriorly  to  the  liver. 
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Fertilisation  is  internal  in  all  Elasinobranchs  except  Lfeniar^us,  in  which 
generative  ducts  are  said  to  be  wanting. 


Fic.  2Si). 


Fio.  290. 


Fids.  289  and  290. — Fk.m.mj-:  .\xd  Malk  Uki.vocjenital  Okoans  of  Rajahalis.  x J. 

(From  'I'.  J.  IVrker’s  Zootomy.) 


a. 2),  abdominal  pore  ; d,  cloaca  ; tpd,  left  epididymis  (the  right  is  removed) ; 
Jl.t,  antei'ior  portion  of  oviducts  (Miillerian  duct);  fl.t’,  common  oiiening 
of  the  two  oviducts  into  the  cadonie ; i.r,  internal  body ; h,  kidney ; 
mn.d,  mesonephric  (Wolffian)  duct ; od.y,  oviducal  gland  ; ces,  cesophagus  ; 
ov,  right  ovaiy  (the  left  is  removed) ; //ji.d,  remains  of  anterior  part  of 
Mullerian  duct ; h.h,  . sperm  sae ; s.h',  its  opening  into  the  urinogenital 
inns  ; t,  left  testis  (the  right  is  removed);  u.h,  dilated  end  of  mesonephric 
(iwct  •,  vy.ji,  urinogenital  papilla;  ug.K.,  urinogenital  sinus;  u.p,  urinai’y 
papilla ; ur,  kidney  ducts ; ur',  opening  of  kidney  duct  into  the  urino- 
genital sinus  ; nt,  uterine  portion  of  left  oviduct  (that  on  the  right  side 
is  removed);  •ut',  its  opening  into  the  cloaca;  v.d,  vas  deferens;  v.s, 
vesicula  seminalis  ; its  opening  into  the  sperm-sac. 


In  female  Holocephali  tlie  generative  organs  are  essentially 
similar  to  those  of  Elasinobranchs,  but  in  the  male  they  present 
certain  peculiarities.  The  unripe  sperms  pass  into  the  immense 
epididymis,  in  which  they  become  ripe,  and  invested  by  spermato- 
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pliores,  wiiicli  pass  into  a large  vesicula  seminalis  at  the  base  of 
the  vas  deferens ; the  Mullerian  ducts  are  complete  in  the  male, 
though  small. 

Hermaphroditism  occurs  amongst  Fislies.  In  Myxiiie  tlie  posterior  part  of 
the  gonad  usually  first  gives  rise  to  spermatozoa,  and  subsequently  the  anterior 
part  to  ova,  so  that  self-fertilisation  is  prevented.  Serranus  and  Chryso- 
phrys,  agaui,  are  hermaphrodite,  and  hermaphroditism  has  been  occasionally 
observed  in  various  other  Fishes  (e.f/.,  Gaclus  morrhua.  Scomber  scomber, 
Clupea,  Harengus). 

Amphibia. — The  paired  and  symmetrical  gonads  of  Amphibians 
are  situated  in  about  the  middle  of  the  coelome ; their 
form  is  usually  modified  by  the  shape  of  the  body.  Thus  in  the 
Gymnophiona  the  ovary  has  the  form  of  a long  and  narrow  band, 
while  the  testis  is  made  up  of  a long  chain  of  small  bodies  united 
together  by  a collecting  duct  (Fig.  291).  Each  individual  portion 


Fig.  291. — Diagram  of  a Portion  of  the  Male  Gener.vtive  Afparatus  of 

THE  flYMNOPHIONA. 

Ho,  Ho,  testis ; <SV/,  collecting  duct  of  testis ; K,  K,  testicular  capsules ; Q,  Q 
transverse  canals  connecting  the  collecting  duct  with  the  longitudinal  canal 
(L,  L) ; second  series  of  transverse  canals ; ^[,  M,  Malpighian 

capsules  ; N,  N,  kidney  ; ST,  nephrostoine  ; S,  convoluted  portion  of  urinaiy 
tubule  ; HS,  urinogenital  duct. 

of  the  testis  of  Caecilians  is  made  up  of  a double  row  of  rounded 
capsules  in  which  the  sperm  is  formed,  and  from  which  it  is  passed 
into  a collecting  duct,  which  perforates  each  portion  of  the  organ. 
A transverse  canal  is  given  off  from  the  free  portion  of  the  collect- 
ing duct  lying  between  every  pair  of  testis  lobes ; this  passes  to- 
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wards  the  kidneys,  and  opens  into  a longitudinal  canal.  From  the 
latter  the  sperm  passes  through  a second  system  of  transverse  canals 
to  the  Malpighian  cajjsules,  and  thence  through  the  urinary  tubules 
into  the  urinogenital  duct. 

The  male  generative  apparatus  of  all  Urodela  and  certain 
Anura  (comp.  p.  35-i)  corresponds  in  the  main  with  that  seen  in 
Csecilians,  except  as  regards  the  form  of  the  gonads  : thus  the  testis 
is  either  pointed  at  one  or  both  ends  (Fig.  279),  or  more  or  less 
round  or  oval  (Figs.  280,  292). 

In  R.'ina,  B< )inbinator,  anti  Alytes  tlie  vasa  ollerentia  of  the  testis  become 
gradually  sei)arated  from  the  kidney : that  is,  they  either  open  directly  into 
the  urinogenital  duct,  without  beccjming  connected  with  the  urinary  tulniles 


Fiti.  -292.— Testis  .\nu  Antekiok  End  of  Kidney  op  liana  escuhnta. 

(Semidiagrainmatic. ) 

Ho,  testis  ; tj,  q,  transverse  canals  of  the  testicular  network,  which  give  rise  to 
blind  processes  at  t t ; A,  longitudinal  canal  of  the  testicular  network,  from 
which  the  interrenal  network  (C,  C)  arises;  V,  kidney;  Ur,  urinogenital 
duct. 


(Rana,  Fig.  292),  or  the  greater  number  of  the  posterior  canals  end 
lilindly,  while  only  the  anterior  ones  are  directly  connected  with  the 
urinogenital  duct  (Bombinator).  In  Alytes  the  relations  of  the  generative 
ducts  require  further  investigation. 

Mullerian  ducts  are  always  present,  but  they  always  remain  in  a more  or 
less  rudimentary  condition  in  the  male,  and  lie  along  the  outer  border  of  the 
kidneys  in  a similar  position  to  those  of  the  female.  They  may  or  may  not 
be  provided  with  a lumen  and  apertures  of  communication  with  the  body- 
cavity  and  cloaca. 

Hermaphroditism  occasionally  occurs  amongst  the  Anura  : only  one  case 
(Triton  tamiatus)  is  known  amongst  Urodeles.  A body  attached  to  tlie 
anterior  end  of  the  testis  in  various  species  of  Toads  (“Bidder’s  organ”)  is 
apjiarently  callable  of  giving  rise  to  ova  and  spermatozoa.  In  tlie  males  of 
Rana  temporaria  ova  are  at  times  developed,  embedded  within  the  sub- 
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etjince  of  the  testis  {hermaphrodite  gland  or  ovotestis),  and  one  testis  inay 
even  be  replaced  by  a rudimentary  ovary.  In  these  cases,  the  Miilleiian 
duct  may  be  as  well  developed  as  in  the  female. 

The  ovaries  of  Uroclela  are  always  formed  on  a common  plan  : 
each  consists  of  an  elongated  closed  tube,  with  a continuous  lumen. 
In  Anura,  on  the  contrary,  the  ovarian  sac  (Fig.  293)  is  divided  up 


Ov,  left  ovary  (tliat  of  the  right  side  is  removed) ; Od,  oviduct ; Ot,  abdominal 
aperture  of  oviduct ; Ut,  the  dilated  posterior  end  of  the  oviduct ; P, 
opening  of  latter  into  the  eloaca  ; N,  kidneys  ; S,  »S'*,  apertures  of  urinary 
ducts  into  the  cloaca,  surrounded  by  longitudinal  folds  (*),  which  are 
separated  by  a deep  depression  (t). 


into  a longitudinal  row  of  numerous  (3  to  20)  separate  pockets  or 
chambers.  The  oviducts  open  far  forwards  into  the  body-cavity  by 
funnel-shaped  apertures ; they  take  a tolerably  straight  course 
along  the  outer  borders  of  the  kidneys  to  the  cloaca  in  young 
animals,  but  become  greatly  convoluted  later.  A short  distance 
from  its  termination  each  oviduct  in  Amirans  becomes  dilated  to 
form  a thin-walled  sac,  and,  after  becoming  again  narrowed,  usually 
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opens  sei^arately  on  a papilla  on  the  dorsal  wall  of  the  cloaca. 
Onl}-  in  the  genera  Bufo  and  Alytes  do  the  two  oviducts  fuse 
together  into  a posterior  unpaired  canal. 

In  female  Urocleles  a number  of  tubes  serving  as  a receiitaculum  seminis 
may  be  present  in  connection  with  the  cloaca,  and  the  male  is  provided  with 
a cloacal  gland  whicli  secretes  spermatoijhores. 

After  receiving  a gelatinous  coating  from  the  glands  in  the  wall  of  the 
middle  part  of  tlie  oviduct,  the  eggs  of  Amirans  pass  into  the  dilated  portion 
of  the  duct,  and  become  united  together  into  irregular  masses  (Frog)  or  chains 
(Toad).^  . 

In  Epicrium  glutinosum  (Gymnophiona)  tlie  eggs  are  very  similar  to  those 
of  Sauropsida  : tliey  are  excejitionally  large  (!)  mm.  long),  of  an  oval  shape, 
and  jiossesK  a large  yolk.  3’liey  become  coated  after  fertilisation  with  a 
tough  albumen  in  tlie  oviduct,  and  this  becomes  drawn  out  at  the  poles  into 
chalaziu,  by  means  of  wliich  the  eggs  are  connected  together  like  the  beads  of 
a necklace.  'I’lie  segmentation  is  maruhludk,  and  takes  place  in  the  oviduct ; 
and  tlie  eggs  are  laid  in  tlie  earth,  the  mother  coiling  herself  round  them. 

Fat-bodies  {corpora  adiposa)  are  present  in  all  Amphibia  in 
connection  with  the  gonads  : they  are  formetl  of  adenoid  substance, 
fat,  and  leucocytes,  and  contain  numerous  blood-vessels. 

The  corpora  adi]iosa  jirobably  have  an  iiipjortant  jihysiological  (nutritive) 
relation  to  the  gonads  : Amjihibians,  after  remaining  for  months  without  food, 
throughout  their  winter  sleeji*  are  able  as  soon  as  spring  arrives  to  give  rise 
to  thousands  of  offspring. 

Reptiles  and  Birds. — The  essential  differences  between  the 
urinogenital  organs  of  the  Auamnia  and  Aniniota  have  already 
been  described  (pp.  31(3,  35G,  and  Fig.  273).  o 

In  the  Sauropsida,  as  in  other  Vertebrates,  the  form  of  the 
gonads  is  influenced  by  that  of  the  body : thus  in  Chelonians  they 
are  broad,  while  in  Snakes  and  snake-like  Lizards  they  are  more 
elongated.  In  the  latter  cases,  as  well  as  in  other  Lizards,  they 
are  asymmetrical,  so  that  the  organ  of  one  side  is  situated  more 
or  less  in  front  of  that  of  the  other.  More  room  is  thus  obtained 
for  the  development  of  the  ovaries ; and,  in  cases  where  the  eggs 
are  very  large,  the  organ  of  one  side  tends  to  disappear,  as  in 
certain'  Elasmobranchs  {e.g.,  Scyllium) : in  Birds,  for  instance,  the 
left  ovary  only  is  completely  developed  and  functional. 

In  Reptiles  the  ovaries  are  penetrated  by  a highly  vascular 
network  of  trabecula?,  and  in  the  lymph-cavities  thus  formed  the 
formation  of  ovarian  follicles  takes  place. 

The  oviducts  (Fig.  294)  possess  wide  funnel-shaped  abdominal 
apertures,  and  are  usually  much  folded  transversely ; the  right  is 
often  longer  than  the  left.  Their  walls  are  provided  with  numerous 
muscular  elements  and  glands  for  the  formation  of  the  albumen 
and  egg-shell,  and  they  increase  in  size  in  the  breeding-season. 
In  Birds  the  right  oviduct,  as  well  as  the  right  ovary,  becomes 
more  or  less  comi?letely  degenerated  ; the  left  oviduct  is  considerably 
coiled. 
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Only  slight  remnants  of  the  mesonephros  and  Wolffian  duct  persist 
in  female  Reptiles,  and  these  undergo  fatty  degeneration.  They  are  asym- 
metrical, and  are  arranged  in  a single  row  on  either  side,  between  the  oviduct 


W kidneys  ; f/r',  apertures  of  the  ureters  into  the  cloaca  (Cl) ; B,  urinary  bladder  ; 
B\  neck  of  the  latter  (cut  open) ; R,  rectum  ; R^,  ojjening  of  rectum  into  the 
cloaca ; Or,  ovaries  ; t,  remains  of  me.sonephros  ; Od,  oviducts,  which  open 
into  the  cloaca  at  Od^ ; Ot,  aVidoininal  openings  of  oviducts. 


and  vertebral  column.  The  remains  of  the  Wolffian  duct  are  more 
marked  in  female  Snakes,  Chelonians,  and  in  Geckos  than  in  the  majority  of 
Lizards. 


B B 
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The  testes  of  Sauropsida  correspond  in  position  with  the  ovaries, 
and,  like  them,  increase  in  size  in  the  breeding-season.  They  have 
an  oval,  round,  or  pyriform  sbajae  (Figs.  283  and  295),  and  are  made 

up  of  greatly  convoluted  seminal 
tubules,  held  together  by  fibrous 
tissue.  In  Reptiles  {e.g.  Lacerta, 
Anguis),  “ yellow  bodies,”  Avhich  cor- 
respond to  suprarenals  (p.  385),  lie 
along  the  outer  border  of  the  testis, 
and  at  this  point  transverse  canals 
pass  out  from  the  testis  to  the  par- 
orchis. 

The  latter  consists  of  greatly  con- 
voluted canals,  and  from  it  arises 
the  vas  deferens  (Wolffian  duct), 
which  either  takes  a straight  course, 
or  is  more  or  less  coiled.  In  Birds 
it  opens  by  an  independent  aperture 
into  the  cloaca,  while  in  Lizards  it 
fuses  Avith  the  ureter  shortly  before 
entering  the  latter. 


Runiiiins  of  tlio  Miillerifin  ducts  <ire 
ju’csent  in  the  male,  corresponding  in 
])osition  with  tliose  of  tlie  female.  Their 
lumen  is  iiot  continuous  tliroughout,  Imt 
tlie  abdominal  aperture  may  remain  ojjen 
(lOmys  europiea),  and  ‘exceptionally  (e.f/. 
Ijacerta  viridis)  they  may  be  as  well  de- 
velo])ed  as  in  the  female. 

Lymphoid  organs  are  present  in  many 
Rejjtiles,  and  probaljly  have  a pliysiological 
relation  to  the  generative  organs  (compare 
]).  308).  In  many  Lizards  they  are  large 
and  variously  coloured,  and  lie  within  the 
pelvic  region ; in  Snakes  they  extend 
along  almost  the  entire  body-caAdty. 

Hermaphroditism  has  been  observed 
very  exceptionally  in  the  Chafttncli.  Occa- 
sionally the  ovary  of  some  Birds  undergoes 
structural  changes,  and  no  longer  produces 
ova,  the  female  then  taking  on  certain 
secondary  sexual  characters  of  the  male. 


IIo,  testis;  f,  the  so-called  “yellow 
body  ” (suprarenal)  ; Ejt,  paror- 
chis ; Vd,  vas  deferens  ; p,  p, 
common  aperture  of  the  ureter 
( Ur,  [V')  and  vas  deferens  on  a 
papilla  on  the  dorsal  wall  of  the 
eloaca  (Cl) ; B,  urinary  bladder  ; 
r,  reetuiu  ; X,  kidney  ; m(j,  rudi- 
ment of  the  Mullerian  duct. 


I'hc.  — M,um  Ukinook.mtal 

Okoaxs  of  Aniinin  fraijilin. 
(After  F.  Leydig. ) 


Mammals. — In  Mammals  the  generative  apparatus  no  longer 
extends  along  the  entire  body-cavity,  as  in  the  lower  Vertebrates, 
but  is  confined  to  the  lumbar  and  pelvic  I'egions.  Moreover, 
in  correspondence  with  the  close  relations  which  usually  take 
place  between  mother  and  embryo  (p.  338),  there  is  a much  greater 
difierentiation  of  the  generative  organs  than  occurs  in  lower  types. 
The  transition  is  not,  however,  a sudden  one,  for  in  the  lowest 
Mammals,  viz.,  the  Montremes  and  Marsupials  (Figs.  29G  and  297), 
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these  organs  show  many  points  of  resemblance  with  those  of  Reptiles 
and  Birds. 


FI(!.  296.— A,  Malk  Urinooknital  OnfiANS  of  Ornithorhynclms  jKiradoxus  ; B, 
Fkmare  Ukinooenital  Groans  ok  Echidna  hystrix. 

K,  kidneys  ; Ur,  ureter ; B,  urinary  bladder ; Biuj,  urinogenital  canal ; Ho, 
lestLs  ; Ve,  vas  efferens  ; Ep,  epididymis ; Vd,  vas  deferens  ; Od,  oviduct ; 
r,  rectum  ; Cl,  cloaca,  opening  to  the  exterior  at  Cl^ ; m to  in\  muscles  of  the 
cloaca  and  penis  (or  clitoris) ; Gp,  glans  penis,  enclosed  within  its  fibrous 
tube ; Up,  prepuce  ; Cli,  clitoris  ; *,  aperture  througli  which  the  copulatorv 
organ  extends  into  the  cloaca. 

Thus  in  the  oviparous  Monotremes  the  left  ovary  is  more  strongly 
developed  than  the  right,  and  each  has  the  appearance  of  a bunch 
of  grapes ; the  cloaca  persists,  and  the  oviducts  (Mullerian  ducts), 

B B 2 


Fig.  297. — Female  Generative  Apparatus  of  Certain  Marsupials.  A, 
Diddphys  dorsicjera  {jnv.)  ; B,  Phalawjinta  vulpina  ; C,  Phascoloinys  wombat. 
(After  A.  Brass.) 


kidneys ; Ur,  ureters ; Ov,  ovary ; Ol  {Fiin),  abdominal  opening  of 
Fallopian  tube  ; Od,  oviduct  ; Ut,  uterus ; Ut^,  openings  of  uteri  into  the 
vaginal  ciecum,  V<jB  ; f,  bend  between  uterus  and  vagina,  Vy  ; V(p,  ajiertures 
of  vaginaj  into  the  urinogenital  canal  (Suy) ; B,  urinary  bladder ; r,  lectum, 
whicli  opens  to  the  exterior  (Cl)  at  r'  ; y,  clitoris  ; *,  t,  rectal  glands. 
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which  in  other  Mammals  become  more  or  less  fused  with  one 
another  proximally,  remain  distinct  throughout,  and  open  into  the 
urinogenital  canal  anteriorly  to  the  ureters  and  bladder. 

In  the  higher  Mammals  the  oviducts  become  distinctly  differ- 
entiated into  three  portions, — a FcMopidn  tube,  a uteo'us,  and  a 
'vagina.  The  vagina  opens  to  the  exterior  (Figs.  273,  297,  298), 
while  the  Fallopian  tube  communicates  with  the  abdominal  cavity 
by  a ciliated  funnel-shaped  aperture. 

In  Marsupials  the  fusion  of  the  two  oviducts  is  much  less 
marked  than  in  the  higher  Mammals,  and  in  order  to  trace 
the  gradual  differentiation  of  these  parts,  their  condition  in  Opos- 
sums (Didelphidae)  must  now  be  described  in  greater  detail. 

A dilated  portion  of  each  oviduct  (Fig.  297,  a),  giving  rise  to  a 
uterus,  is  plainly  distinguishable  from  the  rest,  and  its  narrowed 
posterior  end  comes  into  close  contact  with  its  fellow  in  the  middle 
line.  At  this  point  (j")  each  uterus  communicates  with  the  vagina 
by  a distinct  os  xderi.  The  vagina  curves  sharply  outwards,  and, 
then  backwards,  opening  close  to  its  fellow  into  the  elongated  urino- 
genital  canal.  The  ureters,  as  in  all  other  Marsupials  in  which  the 
vaginae  have  a similar  arrangement,  pass  between  the  curved 
portions  of  the  vaginae  to  the  bladder. 

From  the  condition  of  the  female  generative  organs  in  Didel- 
phys,  that  seen  in  other  Marsupials  can  be  easily  explained.  In 
Phalangista  vulpina  and  Phascolomys  wombat  (Fig.  297,  B and  c) 
the  anterior  ends  of  the  knee-shaped  bends  of  the  vaginae  lie 
closer  together,  and  begin  to  extend  backwards  towards  the  urino- 
genital  canal,  the  septum  between  them  disappearing  at  the 
same  time.  A vaginal  ccccum  is  thus  formed : this  may 

become  more  elongated,  and  finally  extend  backwards  so  as  to 
meet  the  anterior  wall  of  the  urinogenital  canal,  into  which  it 
may  open  by  the  formation  of  a so-called  third  vagina.  The 
anus  and  urinogenital  apertures  are  surrounded  by  a common 
sphincter. 

In  the  placental  Mammals  the  posterior  portions  of  the  Muller- 
ian ducts  become  fused  together  to  form  an  unpaired  vagina,  and  a 
definite  cloaca  exists  only  in  the  embryo,  although  even  in  the 
adult  in  certain  cases  {e.g.,  amongst  Rodents),  the  anus  and  urino- 
genital aperture  may  be  enclosed  by  a common  fold  of  the  integu- 
ment as  in  Marsupials,  and  a median  septum  may  be  present  in 
the  vagina  distally,  indicating  its  primary  double  nature.  The 
uterine  portions  of  the  oviducts  may  also  fuse  with  one  another  to 
a greater  or  less  extent,  and  thus  the  most  various  forms  of  uteri 
result  {itterus  duplex,  bicornis,  bip>artitus,  and  simplex),  as  shown  in 
Fig.  298,  A to  D.  The  Primates  possess  a single  uterus,  and  in  this 
case  the  primitively  paired  condition  of  the  Mullerian  ducts  is  seen 
only  in  tl>e  Fallopian  tubes.  The  latter  vary  much  in  form,  and 
their  abdominal  apertures  are  usually  provided  with  fringe-like 
appendages  (fimbriae).  The  ureters,  unlike  those  of  Marsupials, 
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Fio.  298. — Various  Forms  of  Uteri.  A,  B,  C,  U,  diagram.?  .showing  the 
different  stages  in  the  fusion  of  the  Miillerian  ducts  : A,  uterus  duplex  ; B, 
uterus  bicornis  ; C,  uterus  bipartitus  ; D,  uterus  simplex ; E,  female  urino- 
genital  apparatus  of  Mmtdina,  containing  embryos  (*,  *)  in  the  uterus ; F, 
ditto  of  Hedgehog  {Ermaceus). 

Od,  Fallopian  tube;  Ut,  uterus;  Vy,  vagina;  Ce,  cervix  uteri;  Ot,  abdominal 
aperture  of  Fallopian  tube  ; +,  t>  accessory  glands  ; r,  rectum  ; Suy,  urino- 
genital  canal ; K,  kidney ; Nn,  adrenal  ; Ur,  ureter ; B,  urinary  bladder. 


6?r/ 


.Od 


always  pass  to  the  outer  sides  of  tlie  genital  passage,  the  vagina 
being  single. 

The  urinogenital  canal  may,  as  in  Marsupials,  be  of  a consider- 
able length  {c.rj.  amongst  Rodents),  and  a fold  of  the  mucous 
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membrane  (hymcny  is  often  present  where  the  vagina  opens  into 
it.  On  the  4ntral  (anterior)  wall  of  the  unnogenital  canal  the 
clitoris  (Pv)  380-384)  is  situated.  In  both  male  and  female  tie 
space  between  the  urinogenital  aperture  and  the  anus  is  known  as 

the  The’^varies  are  usually  small,  and  rounded  or  oval  m 
shape,  their  surface  being  either  smooth,  irregular,  or  fuiiovved. 
The^  point  at  which  the  nerves  and  vessels  enter  is  not  covered 
by  peritoneum,  and  is  called  the  hilum. 

■Rpniainq  of  the  mesonephros,  known  as  the  paromrinyn,  are  present  in 
thet“XirLocl  ovW,  oviduct,  and  uterus.  These  usmdly  consist 

of  small  c<aical  tubes,  forming  a network,  which  are  connected  together  by 
fcXothw  duc“  In  c»»es  where  the  Wolffian  duct  peve.ete  m the  female 
it  msses  t?om  the  parovarium  to  the  urmogemtal  sinus  and  is  spoken  of  as 
Gartner’s  duct  (Fig.  273,  h). 

A fold  of  the  skin  of  the  abdomen  forming  a powc/t  or  mar- 
snpium  is  present  in  Ecl.idna  and  to  a greater  or  less  extent 
in  Marsupials  (p.  28) ; this  serves  to  protect  the  egg  (Echidna) 
and  young,  which  in  the  latter  are  born  in  a very  unripe  con- 
dition, thus  rendering  possible  a longer  connection  between  the 
mother  and  embryo  during  lactation.  The  aperture  of  the  marsu- 
pial pouch  opens  anteriorly  or  posteriorly,  according  to  the  mode  oi 
life  of  the  animal,  and  is  provided  with  a muscle  capable  ot  clos- 
iim  it.  In  Marsupial  embryos  the  margins  of  the  lips  become 
partially  fused  secondarily  and  temporarily  to  form  a suctorial 
mouth,  bv  means  of  which  the  young,  many  of  the  organs  of  which 
are  still  ”in  a “ larval  ” condition,  become  attached  to  the  teats 

(compare  p.  288).  . . , , , • • 

In  male  Mammals,  the  testes  arise  m the  same  relative  position 

as  the  ovaries  of  the  female.  The  ovary,  however,  never  moves  in 
the  course  of  development  further  backwards  than  the  pelvis;  but 
the  testis  may  pass  out  of  the  abdomen  through  an  ^ng^tmal 
canal  into  a purse-like  outgrowth  of  the  integument  m the  inguinal 
recridn  called  the  scrotal  sac,  which  is  lined  by  a continuation  of  the 
peritoneum,  the  tunica  vaginalis.  The  two  scrotal  sacs  (which  are 
represented  amongst  female  Primates  by  the  so-called  labia  majora 
of  the  vulva)  may  remain  separate,  or  unite  to  form  a scrohim : in 
^larsupials  this  is  situated  in  front  of,  and  in  placental  Mammals 
behind  the  penis  (p.  382).  If  the  inguinal  canals  remain  widely 
open  they  may  be  withdrawn  periodically  into  the  abdomen  (as  c.g 
in  Rodentia  and  Insectivora,  in  which  they  only  descend  at  sexual 
maturity)  • this  is  effected  by  means  of  the  cremaster  musele,  a con- 
tinuation oi  the  fibres  of  the  internal  oblique  and  transversalis,  or  of 
the  latter  only,  and  corresponding  ^o  the  “ compressor  inammne  ot 
Marsupials.  When  the  inguinal  canals  become  reduced,  the  testes 
i-emain  throughout  life  in  the  scrotum.  In  many  Mammals,  how- 

' A similfu-  fold,  dosing  the  apertures  of  tlie  oviducts  in  the  immature  condi- 
tion, is  present  in  Elasmobranchs. 
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ever  {e.g.,  Monotremes,  most  Edentates,  EleiDhant),  the  testes  remain 
permanently  within  the  abdomen. 

The  testes  are  smooth,  and  somewhat  oval  in  form,  and  their 
lelative  size  varies  in  different  Mammals;  they  are  covered  by  a 


Fig.  299. — Male  Urinogenital  Ai'earatus  of  the  Hedgehog  {Erinaceus). 

N',  kidney;  Ur,  ureter.s  ; B,  urinary  bladder;  Pm,  membranous  portion  of 
urinogenital  tube  ; Cpc,  corpus  cavernosum  ; Pp,  prepuce  ; glans  penis  ; 
PD,  iireputial  glands  ; Cd,  Cowper’s  glands  ; Pr,  PP,  the  different  lolies  of 
the  prostate  ; Sh,  vesicula  seminalis  ; Ho,  testis  ; Ep,  epididymis  ; Vd,  Vd', 
vas  deferens. 

fibrous  investment  (Fig.  300),  from  which  processes  (trabeculce) 
usually  extend  inwards.  Thus  the  seminal  tubules  become 
separated  into  definite  lobed  masses,  and  a sort  of  lattice-work  is 
also  formed  (corpus  Highmori),  through  which  the  elements  of 
tire  vasa  efferentia  pass  to  the  epididymis.  In  the  latter  the 
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seminal  tubules  become  rounded  off  to  form  the  so-called  coni 
vasciilosi,  and  these  are  connected  together  by  a collecting  duct, 
the  vets  epididymitis.  The  vas  deferens  arises  from  the  last 
conus  vasculosus,  and  gives  rise  toAvards  its  distal  end,  shortly 
before  it  opens  into  the  urinogenital  sinus  close  to  an  elevation — the 
colliculus  seminalis,  to  glandular  outgrowths  (vesic%dce  seminales), 
which  may  attain  a relatively  enormous  size  in  Rodents  and  In- 
sectivores  (Fig.  299).  From  this  point  to  its  termination  at  the 


Fig.  300. — Diagrammatic  Section  of  the  Testis  of  a Mammae. 

Ho,  testis  ; NH,  epididymis  ; Vd,  vas  deferens  ; A,  albnginea  of  the  testis,  which 
gives  rise  to  the  trabeculaj  {t,  ()  and  the  corpus  Highmori  (f) ; L,  L,  coils  of 
the  seminal  tubules ; Fe,  vasa  efferentia  (rete  Halleri)  ; Cc,  coni  vasculosi, 
which  are  connected  together  by  the  collecting  duct,  Vep  ; Va,  vas  aberrans. 

apex  of  the  penis,  the  seminal  canal  is  spoken  of  as  the  ductus 
ejaculatm'ius. 

In  many  Mammals  rudiments  of  the  Mullerian  ducts  are  pre- 
sent in  the  male,  and  open  into  the  urinogenital  sinus.  In  Man, 
only  the  most  posterior  end  of  the  ducts  remain  in  the  form  of  an 
unpaired  vesicle  {yttcrus  masculimts),  which  lies  embedded  within 
an  accessory  genital  gland,  ihQ po'ostatc  (Fig.  299).  This  gland,  which 
more  or  less  completely  surrounds  the  urinogenital  sinus,  consists 
of  glandular  tubules  connected  together  by  means  of  fibrous  and 
muscular  tissue  : its  secretion  is  poured  into  the  urinogenital  sinus, 
and  is  apparently  of  great  importance  in  connection  with  the 
activity  of  the  spermatozoa. 

Copulatory  Organs. 

Various  forms  of  copulatory  organs,  morphologically  distinct 
from  one  another,  occur  amongst  Vertebrates.  In  male  Elasmo- 
branchs  a specially  modified  portion  of  each  pelvic  fin  {claspcv  or 
pteryyopodium,  p.  122)  serves  this  purpose.  It  consists  of  a series 
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of  more  or  less  calcified  cartilages,  covered  by  skin  and  muscles, 
which  are  movable  upon  one  another  and  are  derivatives  of  the 
fin-rays,  and  it  is  provided  with  a channel  along  the  inner  side. 
These  claspers  are  inserted,  in  a closed  condition,  into  the  cloaca 
of  the  female,  and  thence  into  the  oviducts  ; they  are  then  opened 
out  by  means  of  special  muscles,  and  the  seminal  fluid  flows  along 
their  channels  into  the  distended  oviducts.  In  connection  with 
this  apparatus  there  is  a gland  (p.  18)  surrounded  by  muscular 
fibres,  which  is  formed  as  an  involution  of  the  integument;  in 
its  histological  character  this  calls  to  mind  the  uropygial  gland  of 
Birds  (p.  21). 

In  addition  to  pterygopodia,  similar  to  those  of  Elasmobrauchs 
the  Holocephali  possess  a pair  of  curious  anterior  claspers 
(Fig.  301),  which  are  protruded  from  a shallow  pouch  situated 


Fio.  301.— Pklvic  Arch  axd  Skeleton  of  Pelvic  Fin  and  Clasper  of  a 
Male  Chinuera  momtrona.  (After  Uavi doff. ) Ventral  view. 

Pr.il,  B,  dorsal  part  of  pelvic  arch  (iliac  process) ; S.B,  anterior  clasper ; a—j, 
1—3,  the  various  segments  of  the  posterior  clasper  ; Mt,  basipterygmm  ; 
Ba,  Ba^,  radii  of  fin. 

in  front  of  the  pelvic  fins  ; each  of  these  consists  of  a plate 
covered  with  dermal  denticles,  and  in  Callorhynchus  a grooved 
structure  is  present  in  addition.^  There  is  also  a knob-like  organ, 
usually  known  as  the  frontal  clasper,  on  the  upper  surface  of  the 
head.  (Fig.  57). 

^ These  may  correspond  to  portions  of  the  primitive  lateral  fin-folds  (p.  103) 
which  are  not  represented  in  other  Craniata. 
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Amongst  the  Teleostei,  the  terminal  portion  of  tlie  anal  fin  in 
the  male  Girardinus  is  modified  to  form  an  apparatus  for  holding 
the  female,  and  in  many  Cyprinoids  certain  modifications  occurring 
in  the  anal  fin  may  have  a similar  function. 

Amongst  the  Amphibia,  a marked  swelling  of  the  lips  of  the 
cloaca  may  occur  in  Urodeles  during  the  breeding  season  and  inter- 
nal impregnation  may  take  place,  but  only  in  the  male  Gymno- 
phiona  is  a definite  copulatory  organ  present ; this  simply  consists 
of  the  eversible  cloaca,  which  is  regulated  by  a well-developed 
musculature  (Fig.  302). 


Fi(i.  30-2. — Thk  Postkkior  Part  of  the  Urinogenital  Afp.vratus  of  A, 
Epicrium  ijlutinoHum  AMD  B,  Ccucilia  lumhricoide-'i. 

Cl,  Cl>,  CP,  the  different  sections  of  the  cloaca,  and  Bt,  its  ciecal  processes  : the 
cloaca  is  shown  retracted  in  A and  everted  in  B ; dn,  cloacal  sheath  ; m.r.d, 
retractor  muscle  of  the  cloaca  ; B,  B',  the  two  horns  of  the  urinary  bladder  ; 
X,  kidneys  ; hj,  Wolffian  duct ; imj,  Miillerian  duct ; r,  rectum  ; Md(j,  cloacal 
aperture  ; /AS',  scales  in  the  integument. 

Two  kinds  of  copulatory  organs  are  found  in  Reptiles,  the  one 
being  seen  in  Lizards  and  Snakes,  and  the  other  in  Chelonians  and 
Crocodiles. 

In  the  former  there  are  two  copulatory  sacs  or  2’>cnes  lying  outside 
the  cloaca,  under  the  skin  at  the  root  of  the  tail,  and  these  can  be 
everted  and  protruded  through  the  vent  and  again  withdrawn  by 
means  of  a muscle  inserted  into  the  blind  end  of  the  sac  (Fig.  303). 
In  its  everted  condition,  a spiral  furrow  extends  along  each  sac  down 
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which  the  seminal  fluid  passes.  These  organs  are  also  represented 
in  the  female,  in  which  they  are,  however,  much  smaller. 

In  Chelonians  and  Crocodiles  the  penis  is  single,  and  corre- 
sponds to  a thickened  portion  of  the  ventral  wall  of  the  cloaca 


-Jt' 


Fic.  3U.S. — Coi’rr.ATOHY  Oiksans  ov  Lacerta  a(ji/is.  (After  F.  Leydig.)  In  A they 
are  hIiowii  everted,  and  in  B their  position  in  tlie  retracted  condition  is  indicated 
Ijy  dotted  lines  e.xtending  backwards  from  the  A^ent  {Ce). 

A’,  Penes  ; f,  spinal  furrow  ; SJJ,  tlie  so-called  “ femoral  glands  ” (see  20). 

(Figs.  304,  305,  a).  It  consists  of  fibrous  and  cavernous  (erectile) 
tissue,  and  is  protrusible,  being  regulated  by  muscles.  In  the 
female  it  is  represented  by  a smaller  clitoris.  The  penis  bifurcates 


Fig.  304. — Tkansver.se  Section  of  the  Cloaca  of  a Chelonian.  (Slightly 

diagrammatic.)  After  Boas. 

/,  fibrous  body  ; r,  seminal  furrow,  bounded  by  cavernous  tissue  ; v,  Avail  of 

cloaca. 

proximally,  and  its  distal  tongue-shaped  portion  ends  freely  ; a 
longitudinal  groove  extends  along  the  ujiper  surface,  at  the  jjroxi- 
mal  end  of  Avhich  the  vasa  deferentia  open.  In  Crocodiles  the 
free  portion  is  relatively  longer  and  the  groove  deeper  than  in 
Chelonians. 

In  many  Birds  a copulatory  organ  is  present,  formed  on  a 
similar  plan  to  that  of  Chelonians  and  Crocodiles.  It  is  well 
developed  amongst  the  Ratit®  and  La.inellirostres,  and  in  many 
other  Birds  can  be  recognised  in  a rudimentary  condition.  In 
Struthio  it  resembles  that  of  the  Crocodile,  and  is  supported  by  a 


Fig.  305.— Diagrammatic  Losoitudinal  Skction.s  of  the  Posterior  Part  of 
THE  Rectum,  the  Cloaca,  anh  the  Cofulatory  Organs  of  Various 
Verteurates.  (After  Roa.s.)  3’lie  po.sition  of  tlie  ureter  ami  vas  deferens 
are  indicated,  although  not  situated  in  the  incdiau  line. 

A,  Crorodile.’,  B,  hypothetical  form  between  A and  C;  C,  Monolreme.  (penis 
extruded) ; I),  Monotreine  (penis  retracted). 
hi,  connective-tissue  ; hi,  urinary  liladder  ; cl,  cloaca  ; d,  rectum  ; f,  fibrous  body 
(corpora  caverno.sa  of  human  anatomy) ; px,  slieath  of  penis  ; aperture  of 
the  sheath  ; r,  seminal  furrow  or  tube  (penial  urethra)  ; x,  vas  deferens  ; ii, 
urinogenital  canal. 
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fibrous  body,  bifurcated  at  the  base.  In  Droniffius  and  Rhea  there 
is  an  aperture  at  the  apex  of  the  penis  leading  into  an  elongated 
and  curved  blind  sac,  in  which  is  a furrow,  lined  by  cavernous 
tissue,  continuous  with  the  groove  on  the  dorsal  side  of  the 
organ.  In  the  Duck  and  Swan  the  spiral  penis  is  essentially 
similar  to  that  of  Droinseus  and  Rhea.  The  absence  of  the  blind 
sac  in  the  Ostrich,  however,  is  probably  a secondary  modification. 
A clitoris  is  present  in  the  female  of  the  above-mentioned  Birds. 

The  penis  of  Monotremes  may  be  best  understood  by  imagin- 
ing a hypothetical  form  intermediate  between  it  and  that  of  Croco- 
diles and  Chelonians  (Fig.  305,  b).  We  must  suppose  that 
a sac-like  outgrowth  into  which  the  ureter  and  vasa  defe- 
rentia  open  has  become  developed  from  the  ventral  cloacal  wall  at 
the  base  (anterior  end)  of  the  penis,  the  groove  in  which  has 
become  converted  into  a canal.  The  Monotreme  condition  is 
reached  by  the  sac  elongating  to  form  a urinogenital  canal,  into 
the  distal  end  of  which  the  urinary  and  genital  ducts  and  the 
bladder  open  (c,  d).  The  penis  consists  of  an  un23aired  fibrous 
body  enclosing  the  canal,  and  is  only  loosely  surrounded  by  the 
mucous  membrane  of  the  cloaca,  so  that  it  can  be  protruded  from 
and  retracted  into  a sheath  in  which  the  apex  or  glans  lies. 

Ill  Ecliidiiii,  cfivurmms  ti.ssue  i.s  present  in  tlie  glans  ; and  in  Ornitho- 
rliynclins  tlie  latter  is  liifurcated  and  covered  with  soft  sjiines,  the  seminal 
canal  o|)cning  in  a groove  on  each  fork  by  numerous  hue  canals  situated  on 
|)apilhe. 

A clitoris  is  present  in  the  female  of  all  Mammals. 

In  Marsupials  (Fig.  306,  a),  the  penis-sheath  opens  directly 
on  to  the  surface  of  the  body  ; tbe  opening  of  the  urinogenital 
canal  into  the  cloaca  has  become  closed,  and  is  continuous  with 
the  seminal  tube  or  urethra  of  the  penis.  The  fibrous  body 
is  jmired,  and  both  it  and  the  walls  of  the  penial  urethra  are  com- 
jDOsed  of  cavernous  tissue. 

Amongst  Placental  Mammals  the  penis  of  Rodents  (Fig. 
306,  b)  and  Insectivores  comes  nearest  to  that  of  Marsupials.  The 
jDaired  fibrous  body  (coo'pus  cavernosuin)  bilurcates  proximally 
to  form  two  crura,  wbich  are  nearly  always  attached  to  the 
ischia.  The  ofiening  of  the  penis-sheath  gradually  becomes  further 
separated  from  the  anus,  and  is  situated  more  on  the  ventral  side  of 
the  body  (compare  B and  c),  the  penis  itself  lying  horizontally 
along  the  abdomen.  In  Primates  the  organ  becomes  more  or  less 
free  from  the  body-wall,  and  either  its  distal  end  (Ajoes,  c),  or  the 
whole  of  it  (Man,  d)  hangs  freely,  and  the  sheath  forms  a double 
tube-like  investment,  the  foreskin  or  jDrejmce,  over  the  glans. 

In  the  course  of  development,  the  penis  of  Marsupials  and 
Placental  Mammals  jDasses  through  stages  which  resemble  succes- 
sively those  which  are  permanent  in  Crocodiles  and  Chelonians 
and  in  Monotremes.  It  arises  from  a “ genital  prominence  ” on  the 
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Fig.  306. — (The  special  thickening  of  the  corpus  spongiosum  and  the  glans  penis 
present  in  some  Mammals  is  not  indicated). 

A,  ^[arsupial  (very  diagrammatic,  for  comparison  with  Fig.  305  C ; the  obliterated 
opening  of  the  urinogenital  canal  into  the  cloaca  is  indicated  by  dotted  lines); 
B,  Rodent  (Ocdogewjs  paca) ; C,  Ape  {Cercopithems) : in  most  placental  Mam- 
mals the  apex  of  the  penis  does  not  hang  down  ; D,  Man  ; E,  Human  fatus. 
Additional  letterings  : a,  anus  ; b,  pelvic  sjmiphysis  ; ^3,  genital  prominence,  which 
gives  rise  to  the  penis  or  clitoris  ; al,  stalk  of  allantois. 

ventral  wall  of  the  cloaca.  A channel  jaasses  along  the  side  facing 
the  cloaca  to  the  opening  of  the  urinogenital  sinus : this  condition 
is  usually  retained  throughout  life  in  the  case  of  the  clitoris  of  the 
female,  while  in  the  -male  (and  occasionally  in  the  female  also)  the 
groove  becomes  closed  to  form  a canal  continuous  with  the 
urinogenital  canal  or  urethra,  which  thus  becomes  considerably 
lengthened.  In  addition  to  the  paired  erectile  corpora  cavernosa 
there  is  a median  sponr/iosum  or  corpus  cavcrnosum  uretlircc 

in  connection  with  the  jienis  (Fig.  307):  corpora  cavernosa  are  also 


Fig.  :i07.— a,  Skmidiagkammatic  Figurk  of  the  Human  Penis.  (In  transverse 
section  and  from  the  side.)  B,  Clitoris  of  a Monkey  [Gebus  capucinm). 

A,  albuginea  penis  ; A',  albuginea  urethraj ; Sp,  septum  between  the  two  corpora 
cavernosa  ; S,  sulcus  dorsalis  penis  ; Cep,  corpus  cavernosum  ; Ccu,  corpus 
spongiosum,  which  gives  rise  to  the  glans  penis  at  Gp,  and  forms  an  oval 
enlargement  (bulljus)  at  B ; rd,  rd},  crura  of  the  corpora  cavernosa  ; Gli, 
clitoris,  with  its  ventral  furi'ow  {R),  glans  ((?c),  and  prepuce  {Pp). 

present  in  the  clitoris,  and  the  corpus  spongiosum,  which  retains 
its  paired  character,  is  represented  by  the  so-called  bulbi  vestibuli 
at  the  vulva  or  entrance  to  the  vagina. 

In  many  Mammals  a bone  {ps  penis')  becomes  developed  in 
the  septum  between  the  corpora  cavernosa  {e.g.,  many  Marsujiials, 
Rodents,  Bats,  Carnivores,  Whales,  Lemurs,  and  Apes).  In  some 
(e.g.,  Seal)  there  is  an  os  clitoridis  in  the  female  also.  The  glans  is 
provided  with  a special  kind  of  tactile  corpuscles,  and  in  the  male 
may  bear  horny  papillae  and  even  calcified  plates  and  spines  (e.g., 
certain  Rodents). 
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In  addition  to  the  glandular  vesiculse  seminales  and  the 
prostate  (Fig.  377),  paired  Coivpers  glands  (Fig.  299),  open  in  the 
male  into  the  urinogenital  canal,  and  representatives  of  these 
{glands  of  Bartholini)  usually  occur  in  the  female.  Prepittial 
glands  are  also  present  between  the  prepuce  and  glans  j^enis  and 
in  a corresponding  j^osition  in  the  female. 


SUPEARENAL  BODIES. 

The  suprarcnals  or  adrenals  are  bodies  of  a glandular  structure 
situated  in  the  coelome  right  and  left  of  the  vertebral  column,- 
genei’ally  in  close  proximit)’’  to  the  kidneys. 

Nothing  is  known  of  these  bodies  in  Amphioxus  or  in  the 
Dipnoi.  In  Cyclostomes  they  are  said  to  be  present  and  to  arise  in 
connection  with  the  anterior  jDart  of  the  pronephros.  In 
Filasmobranchii  and  Holocephali  they  are  represented  by  two 
distinct  sets  of  structures — paired  or  unpaired  interrcnals  of  a 
yellow  colour,  close  to  the  kidneys  (Fig.  290),  and  a segmentally 
arranged  row  of  sv^prarenal  bodies,  situated  close  to  the  inter- 
costal arteries  in  the  neighbourhood  of  the  kidneys.  The  former 
apparently  represent  the  cortical  (mesoblastic)  and  the  former  the 
medullary  (epiblastic)  portions  of  the  adrenals  of  higher  forms. 
In  Teleostei  the  adrenals  are  usually  paired  and  are  in  close 
relation  with  the  kidneys — they  correspond  to  the  interrenals 
of  Elasmobranchs.  Amongst  Ganoids  the  Sturgeon  possesses 
numerous  yellow  bodies  of  the  same  nature.  In  Amphibia  these 
organs  form  yellow  streaks  or  dots  on  the  ventral  surface  or  inner 
border  of  the  kidneys,  receiving  blood  from  the  renal  portal  veins 
as  well  as  from  the  renal  arteries. 

In  the  higher  Vertebrates  the  adrenals  consist  of  “cortical” 
and  “ medullary  ” portions,  the  latter  derived  from  the  sympathetic 
nervous  system,  and  therefore  epiblastic,  and  the  former  from  the 
pronephros  or  mesonephros,  or  from  the  germinal  ej)ithelium 
(mesoblastic) : the  mode  of  development  of  the  cortical  substance, 
however,  requires  further  investigation.  They  are  abundantly 
supplied  with  blood-vessels  and  must  have  an  important  function, 
but  their  physiology  is  not  understood.  In  Reptiles  and  Birds  they 
are  elongated  and  lobulated,  and  are  situated  close  to  the  gonads. 
Both  medulla  and  cortex  are  apparently  represented  in  all  these 
forms,  but  the  relative  relations  of  the  two  parts  vary  greatly. 
In  Mammals  each  adrenal  forms  a definite  and  uniform  rounded 
or  oval  mass  lying  near  the  corresponding  kidney  (Fig.  285  b),  the 
medullary  substance  being  central,  and  the  cortical  substance 
peripheral.  In  many  Mammals  these  organs  contain  pigment  cells 
as  well  as  numerous  lymphatic  follicles  and  vessels. 
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Amphioxus  : — segmentation  of  ovuni,  5 ; 
development  of  body-cavity,  8 ; inte- 
gument, 16  ; notochord,  36  ; central 
nervous  system,  157  ; nerves,  178,  179, 
189;  sense-organs,  190,  197,  211; 

lateral  or  metapleural  folds,  104  ; 
muscles,  137  ; mouth,  239  ; alimentary 
canal,  257,  267  ; liver,  269  ; gills,  275  ; 
blood-vessels  and  corpuscles,  299  ; 
urinary  organs,  348  ; generative  organs, 
359  (Compare  Fig.  219) 

CvcLOSTOJiES  : — segmentation  of  ovuni,  5; 
integument,  16  ; vertebral  column,  .16  ; 
skull,  72 ; median  fins,  103  ; muscles, 
137,  142  ; brain,  157  ; sihnal  nerves, 
179,  189  ; sense-organs  of  the  integu- 
ment, 191,  193  ; olfactory  organ,  197  ; 
eye,  211  ; auditory  organ,  224  ; mouth, 
239  ; liomy  teeth,  241  ; tongue,  2.52  ; 
thyroid,  255  ; alimentary  canal,  257, 
259,  267  ; liver,  271  ; pancreas,  272  ; 
gills,  275  ; genital  pores,  298 ; blood- 
corpuscles,  300 ; heart,  305  ; veins, 
322,  326  ; urinary  organs,  349  ; genera- 
tive organs,  359 

Fishes  : — integument,  16  ; exoskeleton, 
30  ; vertebral  column,  37  ; ribs,  54  ; 
skull,  74-81;  unpaired  fins,  103; 
paired  fins,  104 ; pectoral  arch,  106  ; 
pelvic  arch,  109 ; free  limbs,  122 ; 
parietal  muscles,  1.37  ; visceral  muscles, 
142  ; mu.scles  of  the  appendages,  142  ; 
electric  organs,  146;  spinal  cord,  151  ; 
brain,  159-165;  spinal  nerve.s,  1/9; 
cerebral  nerves,  180  ; sympathetic,  188; 
sense-organs  of  the  integument,  190- 
193 ; olfactory  organ,  198  ; eye,  21 1 ; 
retina,  214;  eye-muscles  and  eyelids, 
216,  217;  auditory  organ,  224;  rela- 
tions of  auditory  organ  with  air- 
bladder,  226  ; teeth,  241  ; tongue,  252  ; 
thyroid,  255  ; thymus,  256  ; alimentary 
canal,  257,  2(57  ; liver,  269  ; xiancreas, 


272;  gills,  273,  276;  air-bladder,  273, 
280  ; abdominal  and  genital  pores,  298  ; 
heart  and  vessels,  300,  305  ; arteries, 
319  ; veins,  302  ; retia  mirabilia,  33.3  ; 
lymphatic  system,  333 ; spleen,  335  ; 
nutrition  of  embryo,  336 ; urinary 
organs,  350  ; generative  organs,  360  ; 
claspers,  377  ; suprarenal  bodies,  385 

Dipnoans  : — integument,  16  ; exoskele- 
ton, 31  ; vertebral  column,  37  ; ribs, 
54 ; skull,  81  ; unpaired  fins,  103 ; 
pectoral  arch,  107  ; pelvic  arch,  HI  1 
free  limbs,  122  ; parietal  muscles,  1.37  ; 
muscles  of  the  appendages,  142  ; brain; 
165 ; cerebral  nerves,  180 ; sense- 
organs  of  the  integument,  190-193  ; 
olfactory  organ,  199  ; eye,  211  ; audi- 
tory organ,  224  ; teeth,  243  ; tongue, 
252  ; thyroid,  255  ; thymus,  257  ; ali- 
mentary canal,  257,  267 ; pancreas, 
272 ; gills,  278  ; lungs,  283,  288  ; ab- 
dominal pore,  278  ; heart,  .307  ; blood- 
vessels, 319,  326  ; spleen,  335 ; urinary 
organs,  352  ; generative  organs,  361 

Amphiuians  ; — segmentation  of  ovum, 
5 ; integument,  18  ; exoskeleton,  20,  3.3; 
vertebral  column, 42  ; ribs, 55  ; stcrnuni, 
58  ; episternum,  62 ; skull,  82,  88  ; 
median  fins,  183  ; pectoral  arch,  107  ; 
Iielvie  arch,  111;  free  limbs,  127; 
parietal  muscles,  137  ; visceral 
muscles,  143  ; muscles  of  the  ap^ien- 
dages,  142;  spinal  cord,  152;  brain, 
166 ; sjiinal  nerves,  179  ; cerebral 
nerves,  180  ; syinxiathetic,  189  ; sense- 
organs  of  the  integument,  190,  193  ; 
tactile  cells,  175  ; olfactory  organ,  200  ; 
Jacobson’s  organ,  205  ; eye,  212 ; 
retina,  214  ; eye-muscles  and  eyeliils, 
216,  217  ; glands  of  the  eye,  218  ; 
auditory  organ,  226  ; teeth,  243  ; glands 
of  the  mouth,  251  ; tongue,  253  ; thy- 
roid, 255 ; thymus,  257  ; alimentary 

1 I 


482 


INDEX 


canal,  257,  267  ; liver,  269 ; pancreas, 
272  ; gills,  273,  279 ; air-tubes  and 
larynx,  283  ; lungs,  288  ; blood-cor- 
puscles, 300  ; heart,  309  ; arteries,  319  ; 
veins,  328 ; 13'mphatic  sj'stein,  333 ; 
spleen,  335  ; nutrition  of  einbrj'o,  336  ; 
urinary  organs,  352  ; generative  organs, 
365  ; copulatoiy  organs,  379  ; adrenals, 
385 

Rki’TILKS  : — segmentation  of  ovum,  5 ; 
integument,  20 ; cxoskcleton,  33  ; 
vertebral  column,  45  ; ribs,  56  ; ster- 
num, 60  ; ejjisternum,  (i3  ; skull,  88  ; 
median  fins,  103;  pectoral  arch,  108; 
])clvic  arcli,  113;  free  limbs,  127; 
])arietal  muscles,  138  ; visceral  muscles, 
144  ; muscles  f)f  the  a])])endage.s,  142  ; 
“diapbragm,”  141  ; spinal  cord,  152; 
brain,  167  ; s])inal  nerves,  179  ; cere- 
bral nerves,  180;  sympathetic,  189; 
end-buds,  193;  taetile  cells,  195;  Pa- 
cinian corpuscles,  195  ; olfacLoiy  organ, 
201  ; .Jacobson’s  oi-gan,  207  ; retina, 
214  ; eye-muscles  and  e^’clids,  216,  217  ; 
glands  of  eye,  218;  auditory  organ, 
227  ; teeth,  243;  glands  of  mouth,  251  ; 
tongue,  253  ; thyroid,  255  ; thj’inus, 
257  ; alimentaiy  canal,  262,  267  ; liver, 
269 ; pancreas,  272 ; air-tubes  ami 
larynx,  284  ; lungs,  290  ; abdominal 
])ores,  298  ; heart,  313  ; arteries,  319  ; 
veins,  328  ; l3'in])hatic  sj'stem,  333  ; 
spleen,  335 ; urinary  organs,  356  ; 
generative  organs,  368  ; coj)ulatory 
organs,  379  ; suin-urenals,  370,  385 

lllltDS  : — segmentation  of  ovum,  5 ; inte- 
gument, 20 ; vertebral  column,  47  ; 
ribs,  56  ; sternum,  60  ; episternum,  63  ; 
skull,  93;  pectoral  arch,  109;  pelvic 
arch,  119;  limbs,  129;  parietal 
muscles,  140;  spinal  coi-d,  152;  brain, 
1 72  ; cerebral  nerves,  1 80  ; sympathetic, 
189;  tactile  cells,  195;  I’acinian  cor- 
puscles, 195  ; olfactory  organ,  202  ; 
eye,  213  ; retina,  214  ; eye-muscles  and 
eyelids,  216,  217  ; glands  of  the  eye, 
218  ; auditory  organ,  227  ; teeth,  245  ; 
glands  of  the  mouth,  252  ; tongue,  253  ; 
thyroid,  256  ; thj’inus,  257  ; alimen- 
tary canal,  262,  267  ; liver,  269 ; pan- 
creas, 272 ; air-tubes  and  larynx, 
285  ; lungs  and  air-sacs,  291  ; circu- 
lation in  embryo,  364  ; heart,  315  ; 
arteries,  319  ; veins,  328  ; lymphatic 
system,  334 ; urinary  organs,  3.56  ; 
generative  organs,  368 ; copulatory 
organs,  380  ; suprarenals,  885 

Mammals  : — segmentation  of  ovum,  5 ; 
integument,  23  ; mammary  glands,  27  ; 
exoskeleton,  34  ; vertebral  column,  49  ; 
ribs,  .57  ; sternum,  60  ; episternum,  63  ; 


skull,  96  ; median  fins,  103  ; pectoral 
arch,  109 ; pelvic  arch,  120 ; limbs, 
130  ; parietal  muscles,  140  ; visceral 
muscles,  144 ; muscles  of  appendages, 
142  ; diaphragm,  141  ; spinal  cord,  152  ; 
brain,  172  ; spinal  nerves,  179  ; cere- 
liral  nerves,  180  ; sympathetic,  189  ; 
end-buds,  193  ; tactile  cells,  195  ; Pa- 
cinian corpuscles,  195  ; olfactory  organ, 
203  ; Jacobson’s  organ,  207  ; eye,  214  ; 
retina,  214  ; eye-muscles  and  ej'elids, 
216,  217  ; glands  of  eye,  218  ; auditory 
organ,  229  ; histology  of  cochlea,  232  ; 
lips,  239  ; teeth,  245  ; glands  of  mouth, 
252  ; tongue,  255  ; thj'roid,  256  ; thy- 
mus, 257  ; alimentary  canal,  263,  267  ; 
liver,  269 ; pancreas,  272  ; air-tubes 
and  larynx,  286 ; lungs,  296  ; blood- 
corpuscles,  300;  heart,  315;  arteries, 
319;  veins,  328;  lyni])hatic  system, 
334 ; s])lcen,  335  ; tonsils,  335  ; urinary 
organs,  358  ; generative  organs,  370  ; 
co]mlatory  organs,  382  ; suprarenals, 
385 

A. 

Abdominal  pores,  298 
Acetabular  bone,  120 
Acctalndum,  113-120 
Acliromatin,  3 
Acrania,  13 

Acrodont  dentition,  243 
Acromion,  109 
Adrenals  (see  iSu])rarcnals) 

Air-bladder,  273,  280 
Air-sacs  of  birds,  291 
Air-tubes,  283 
Alimentary  canal,  235-269 
appendages  of,  269 
mucous  membrane  of,  267 
Allantois,  9,  259,  337 
Anmion,  9,  337 
Amniota,  9 

Amphicadous  vertebrie,  40 
Anamnia,  9 
Antibracliium,  126 
Antlers,  100 
Anus,  235 
Aortic  arches,  303 
AiJoneurosis,  pidmonary,  292 
Appendages,  12 
Appendices  auricuhe,  305 
Aj)teria,  21 
Arachnoid,  151 
Archenteron,  5 
Arches,  neural  and  luemal,  36 
Archipterygium,  106,  124 
Arteries,  299 — 322 
Artiodactyle  foot,  134 
Arytenoid  cartilages,  283 
Astragalus,  127 — 132 
Atlas  aTid  axis  of  Reptiles,  46  ; of  Rirds, 
48  ; of  Mammals,  49,  50 
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Atrial  chamber  of  Amphioxus,  275 
Auditory  capsules,  68- 
Auditory  organ,  220 — 234 : — development 
of,  220  ; relations  with  air-bladder,  226 
Auditory  ossicles,  100,  231 
Autostylic  skulls,  75 


B. 

Baleen,  26 

Basal  processes  of  vertebral  colunin,  oo, 
54 

Basilar  plate,  67 

Basipterygium,  103,  104,  110,  1--  l->> 

Bidder’s  organ,  366 

Bile-duct,  272 

Biserial  fin,  106,  123,  124 

Blastoderm,  4 

Blastopore,  5 

Blastosphere,  4 

Blastula,  4 

Blood  corpuscles,  299,  300 

Blood  vessels,  299 

Bodies  of  vertebrre  (see  Centra) 

Body-axis,  12 
Body-cavity,  8 

Bones,  cartilage-,  membrane-,  and  invest- 
ing-, 70 ; dermal,  18,  20,  26 
Bones  of  skull  (see  Skull) 

Brachium,  126 

Brain  development,  149,  153  ; mem- 
branes of,  151  ; general  structure,  15J1 ; 
convolutions,  154, 172  ; epiphysis,  154, 
155;  hypojjhysis,  154,  155;  optic 

vesicles,  154;  pallium,  153;  saccus 
vasculosus,  154,  159,  160;  ventricles, 
156 

Brain  of  Cyclostomi,  157  ; of  Masino- 
branchii  and  Holocephali,  159  ; of 
Ganoidei,  162  ; of  Teleostei,  162  ; of 
Dipnoi,  165;  of  Amphibia,  166;  of 
Reptilia,  167  ; of  Aves,  172;  of  Mam- 
malia, 172 
Brain-case,  67 
Branchiaj  (see  Gills) 

Branchial  arches,  69,  75 — 80,  85,  88,  93, 
94,  102 

Branchial  basket  of  Cyclostomcs,  73,  74 
Branchial  clefts,  69,  72,  236,  273 
Branchiostegal  mendirane  and  rays,  79, 
82 

Bronchi,  281,  285,  296 
Bursa  Fabricii,  263 


C. 

Cajcum,  236,  262,  266 
Calcaneum,  126 — 133 
Campanula  Halleri,  212 
Cannon-bone,  134 
Capillaries,  300 


Carapace,  34 
Carpalia,  126 — 133 
Carpometacarpus,  130 
Carpus,  126 — 133^ 

Cartilage-bones,  71 
Cauda  equina,  152 
Cement  of  teeth,  240 
Centra  of  vertebras,  36 
Central  nervous  system,  11,  149 
Centrosome  3,  348 
Cerebral  flexure,  156 
Cerebral  nerves,  180 
Cerebral  vesicles,  153 
Cerebro-spinal  cavity,  11 
Cheiropterygium,^  125; 

Chevron  bones,  46,  52 
Chiasma,  optic,  208 
Choanse,  82 
Chondrocranium,  69 
Chorda  dorsalis  (see  Notochord) 

Chorion,  338 
Choroid,  209 
Choroid  fissure,  209 
Choroid  “gland,”  212 
Choroid  plexus.  158 
Chromatin,  3 
Cilia,  16 

Ciliary  folds,  209 
Ciliary  muscles,  210 
Circulation  (fmtal),  300 
Claspers,  31,  377 
Classification  of  Vertebrates,  13 
Clavicle,  107 — 109 
Claws,  16,  19,  20,  21,  26,  130 
Clitoris,  373,  380,  384 
Cloaca,  236,  259,  262 
Coccyx,  52 

Cochlea,  221—232  ; histology  of,  233 

C(clome,  8 

Colon,  236 

Colostrums,  29 

Columella  auris,  84 

Commissures  of  brain,  154 

Conjunctiva,  210 

Constriction  of  notochord,  39,  40,  42,  45, 
47,  49. 

Copulatory  organs,  377 
Coracoid,  107 — 109 
Corium,  16 
Cornea,  210 

Corpora  adiposa,  368,  370 
Corpora  cavernosa  and  corpus  spongio- 
sum, 382,  384 
Corpus  callosum,  173 
Corpus  luteum,  347 
Corpuscles  of  1)lood,  268 
Craniata,  13 
Cranium,  66,  67 
Cribriform  plate,  99 
Cricoid  cartilage,  283 
Crop,  262 
Crus,  126 
Cuboi<l,  132 
Cutis,  16 
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D. 

Decidua,  340 
Dental  formula’,  2o0. 

Denticles,  dermal,  30,  71 
Dentine,  240 
Dentition,  milk,  24o 
Dermal  skeleton,  30 — 34 
Dermis,  1(5 
Deuteroplasm,  3,  4 

Development : — general,  3 — 12;  feathers, 
21  ; hairs,  23  ; teats,  28  ; dermal  skele- 
ton, 30  ; vertebi’al  column,  34  ; tail  of 
Fishes,  41  ; ribs,  r>2 ; sternum,  .78  ; 
skull,  04 — 72  ; liorns,  !)!)  ; limbs, 
1(12 — 10(1;  muscles,  135,  142;  electric 
fU'gans,  147  ; central  nervous  sj'stem, 
140;  brain,  153;  nerves,  177,  180; 
sympathetic,  188;  sensory  organs, 
180;  olfactory  organ,  10(1;  eye,  207;' 
glands  of  eye,  218;  auditory  organ, 
220;  alimentary  canal,  235;  teeth, 
230  ; thyroid,  255  ; thymus,  250  ; ali- 
mentary glands,  207 — 272  ; gills,  272  ; 
air-l)la<ldcr,  273  ; lungs,  281  ; air-sacs, 
205  ; heart,  300  ; ])lacenta,  337  ; 
urinogcnital  organs,  341  ; suprarenals, 
385 

Dia])liragm,  141 

Digestion,  intracellular,  and  extracellu- 
lar, 207 

Digits,  123 — 134. 

Di|)hycercal  tail,  41 
Di])hyodont,  241 
Discoid  segmentation,  5 
Duct: — hepatic,  272;  naso-lachrymal, 
201  ; naso-palatinc  of  Mj’xinoids,  108; 
])ancreatic,  272;  pneumatic,  280;  sali- 
vary, 251,  252;  urinogcnital,  340. 
Ductus  Botalli,  312. 

Cuvieri,  322 
ejaculatorius,  377 
cndolymphaticus,  221 
])crilymphaticus,  232 
venosus,  333 
Duodenum,  230 
Dura  mater,  151 


E. 

Ear,  220—234 

Echeneis,  suctorial  disk,  103 
Ectoderm,  4 
Egg-cell  (see  Ovum) 

Electric  lobes  of  brain,  101 
Electric  organs,  140,  1.50 
Embryonic  area,  8 
Enamel  organs,  240 
End-lmds,  193 
Endoderm, 4 
Endolymph,  222 
Ensiform  process.  01 
Enterocceles.  8 


Epiblast,  4 
Epicoracoid,  100 
Epidermis,  10 
Epididymis,  340,  350 
Epiglottis,  280 
Epiphyses  of  vertebra',  49 
Epiphysis  cerebri,  155 
Epipubis,  111,  114,  117,  118,  121 
Episternum,  02 — 04 

Eustachian  apcrtui'e  and  tube,  87  91,  94 
Exoskeleton,  30,  34 
Exti’a-branchials,  73,  75 
Ej’e,  207—210: — glands  in  eonnection 
M’ith,  217  ; muscles  of,  210 
Eyelids,  217 

Eyes,  rudimentary,  211  213 


P. 

Fallopian  tube,  373 
Fascite,  130 
hbit-bodies,  308,  370 
Featliers,  21 
Femur,  120—131 

Fenestra  : — rotunda,  91 , 227,  2.32 ; ovalis. 
84,  220,  232 

Fertilisation  of  ovum,  3 
Fibula,  120,  131 
Fibulare,  120,  133 
Filum  terminale,  152 
Fin-rays,  103,  105,  122,  125 
Fins  (see  Limbs) 

Food-yolk,  3,  5 
Foramen  ovale  (of  heart),  317 
h’oi’amen  Panizza^,  314 
h'urcula,  109 


G. 

Gall-bladder,  272 
Giirtner’s  duct,  375 
Gastrula,  5 

Generative  cells,  development  of,  .347 
Generative  ducts,  .340 
Generative  organs,  359 — 385 
Genital  pores,  298 
Germinal  epithelium,  347 
Germinal  layers,  4 
Germinal  .spot,  3 
Germinal  vesicle,  .3 

Gill-arches  and  clefts  (see  Branchial 
arches  and  Clefts) 

Gills,  2.30,  273 

Gills,  external,  273,  278,  279 
Gills,  spiracular,  278 
Gizzard,  202 

Glands  : — Bowman’s,  204  ; of  Bartholini, 
.385;  of  claspers,  18,  .378;  Cowper’s, 
385 ; digestive,  207  ; femoral,  27  ; 
gastric,  257,  207  ; Harderian,  217  ; 
inguinal,  27 ; integumentary,  17—29  ; 
intermaxillary  or  internasal,  251  ; 
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labial,  251  ; lachrymal,  217  ; of  Lieber- 
kiihn,  268  ; lingual,  251  ; mammary, 
27;  Meibomian,  219;  Moll’s,  219; 
nasal  (external)  of  Birds,  203  ; of  olfac- 
tory mucous  membrane,  201,  202  ; ovi- 
ducal,  363;  palatine,  251;  parotid, 
252  ; pharyngeal,  251  ; poison,  18,  251  ; 
preputial,  27,  385;  prostate,  3//  ; 
rectal,  261  ; sebaceous,  27  ; Stenson’s, 
204  ; sublingual,  252  ; sweat,  27  ; uni- 
cellular, 217  ; uropygial,  21. 


Cllomerulus,  345 
(llomus,  341 
Glottis,  281 

fxlyptodon,  exoskeleton  of,  34 
Gnathostomata,  73 
Goblet-cells,  17 
Gonads,  347 


Gut,  postanal,  322 
Gyri,  154 


H. 


Intercentra,  41,  44,  45,  47,  52 
Interclavicle,  63 
Intermedium,  1 26  —1 33^ 

Intermuscular  bones,  55 
Interspinous  bones,  103 
Intertrabecula,  67,  74 
Intervertebral  discs,  46,  48,  49  ^ 

Intestine,  small  and  large,  236,  25 1 , 26-, 
263 

Iris,  210 

Ischium,  114,  120 


J. 

Jacobson,  anastomosis  of,  186 
Jacobson,  organ  of,  205 
Jejunum,  236 


K. 


Karyokinesis,  3 
Kidney,  340—359 


L. 


Hairs,  16,  24 
Head,  12 
Heart,  299—319 
Hemibranch,  276 
Heredity,  1 

Hermaphrodite  structures,  365,  366,  370 
Heterocercal  tail,  41 
Heterodont  dentition,  241 
Hibernating  gland,  335 
Holoblastic  segmentation,  5 
Holobranch,  276 
Homocercal  tail,  41 
Homodont  dentition,  241 
Homs,  99 
Humerus,  126 — 133 
Humour,  vitreous,  209 
aqueous,  210 
Hyaloplasm,  3 
Hymen,  375 

Hyoid  arch,  69.  70,  75,  76,  80,  82,  85, 
88,  93,  94,  102  ^ 

Hyomandibular,  70,  75,  76 
Hyostylic  skulls,  75 
Hypoblast,  4 
Hypoischium,  117,  118 
Hypophysis  cerebri,  155 
Hypural  bones,  41 


I. 

Ichthyopsida,  1 3 
Ichthyopterygium,  125 
Ileum,  236 
Ilium,  114—120 
Impregnation,  3 
Incus,  UK),  231 
Inguinal  canal,  375 

Integument,  16 — 29 ; sense, organs,  of.  190 
Intercalary  pieces  of  vertebra'.  38 


Labial  cartilage,  73,  75 
Labyrinth  ; — membranous,  221  ; bony, 
222 

Lachrymal  glands,  217 
Lacteals,  334 
Lagena,  221 
Lamina  cribrosa,  74,  85 
Lanugo,  26 

Laryngeal  pouches,  288 

Laryngo-tracheal  chamber,  283 

Larynx,  281,  283 

Lateral  fin-folds,  103 

Lateral  line,  sensory  organs  of,  191 

Lens,  crystalline,  209 

Leucocytes,  334 

Ligaments,  intervertebral,  36 

Limbs  : — unpaired,  102;  paired,  103 — 134 

Lips,  239 

Liver,  269 

Lungs,  273,  281,  288 
Lymph,  299,  334 
Lymph-hearts,  334 
sinuses,  334 
ves.sels,  299,  333 
Lymphatic  glands,  267,  335 
system,  333 

Lymphoid  substance  in  relation  with 
urinogcnital  organa  : — of  Teleostei, 
Ganoidei,  and  Dipnoi,  352,  363  : of 
Amy)hibia,  368  ; of  Reptilia,  370 


M. 

Macula  acustica,  223 
Malleus,  100,  231 
Malpighian  capsule,  345 
Mammalia,  14 
Mammary  glands.  27 
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Mammary  pouch,  28 
Mandibular  ardi,  fiO 
Manubrium  sterni,  (51 
Manus,  12(5 — 134 
Marsupial  bones,  121 
Marsupial  pouch,  28,  37d 
Maturation,  3 

Meatus,  external  auditory,  224 
Meckel’s  cartilage,  (ill 
Mediastinum,  2!)8 
Medullary  cord  and  groove,  14!) 
Membi-ana  tympani,  224 
tympaniformis,  28(> 

Membrane  bones,  71 
Membranous  labyrinth,  221 
Menisci  of  vertebrio,  4(5,  48,  4!) 
Meroblastic  Kcgmcutation,  .7 
Mcsentei'y,  23(5 
Mesoblast,  4,  (5 
Mcsoblastic  somites,  8,  (1(1 
Mesoderm,  4 

Mesonc])hric  duct,  341,  34(5 

Mesonc])hros,  341 

Mesoptcrygium,  122 — 127 

Metacarpus,  12(5 — 134 

Metamerism  of  head  and  body,  33,  (57,  181 

Mctanc))hric  duct,  34(1 

Metanej)hros,  34(1 

Metapterygium,  110 

Metatarsus,  12(1 — 134 

Milk  dentition,  247 

Morula,  4 

Mouth,  237,  23!) 

Miillerian  duct,  34(1 

Muscular  system,  137 — 147  : — voluntary 
and  inv'oluntary,  137;  integumentary 
muscidature,  13(5;  facial  muscles,  13(5; 
muscles  of  the  truidt,  137  ; of  tlie  dia- 
phragm, 141  ; of  the  appendages,  142; 
of  the  eyes,  181,  21(5 ; visceral  muscles 
— Fishes,  142;  Amphibia,  143;  Amni- 
ota,  14d  ; muscles  of  the  feather  sacs, 
21  ; arrectores  pili,  2(5  ; ciliary,  210, 
213,  214;  of  iris,  210,  214;  cremaster, 
377  ; lateral,  137  ; papillary,  31  (5_; 
plat3'sma  myoides,  13(5;  stapedius,  231  ; 
tensor  tjunpani,  231 
Mjmeommata,  1 37 
Myotonies,  (5(5,  137 


N. 

Nails,  2(5 

Nares  (see  Nostrils), 

Naso-lachrymal  duct,  201 
Naso-palatine  duct  of  Cyclostomes,  74  ' 
Navicular,  133 
Neck,  12 
Neostoma,  177 
Nephridia,  341 , 34(5 
Nephrostomes,  341,  347 
Nerve-eminences,  100 
Nerve-plexuses,  170 


Nerve,  lateral,  187,  187 
phrenic,  141 

Nerves,  cerebral,  180 — 188  ; olfactory, 
106  ; optic,  207  ; oculomotor,  trocldear, 
and  abducent,  184,  trigeminal,  184; 
facial,  185;  auditory,  186 ; glossopliaiyn- 
geal,  186  ; v^agus,  186  ; spinal  accessory, 
187  ; hj'poglossal,  188 
Nerves,  spinal,  177,  170 
Nervous  system,  140  ; central,  140 — 177  ; 

peripheral,  177—180;  sympathetic,  180 
Neural  ridge,  177 
Neural  tube,  0 
Neurcnteric  canal,  151 
Neuroglia,  140 

Neuroporc  of  Amphioxus,  157 
Nictitating-membriine,  217 
Nose,  external,  204 
Nostrils,  73,  82,  107 
Notochord,  5,  0,  34 — 40 
Nucleolus,  3 
Nucleus,  3 
Nucleus  pulposus,  40 


Obturator  foramen,  111,  117,  110 
Odontoid  bone,  46 
(Esophageo-eutaneous  duct,  277 
(Esoj)hagus,  238,  277,  2(52,  2(53 
Olfactory  organ,  106 — 207 
Olfactory  scrolls,  203 
Olfactory  tract  and  brrlb,  170 
Omostornum,  .58 
Oosperm,  3 

Opci’cular  bones,  77,  70 
Operculum,  75 
Orbital  ring,  70,  01 
Organ  of  Corti,  2.30 
Os  penis  and  clitoridis,  384 
Ossification,  71 
Osteocranirrm,  60 
Otic  bones,  78 
Otoliths,  222 
Ovarian  follicle,  347 
Ovary,  .347,  350—375 
Oviducal  gland,  36.3 
Oviduct,  .346 
Ovipositor,  .360 
Ovotestis,  .367 
Ovum,  2,  347 


P. 

Paeinian  corprrscles,  105 

Palate,  02,  04,  288 

Paheostoma,  155 

Palatofjuadrate,  60,  75,  76,  78 

Pancreas,  272 

Pannictrlus  adiposus,  26 

Parachordal  and  prechordal  cartilages.  67 

Paraphysis,  157 
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Parietal  foramen,  85,  91,  162,  166,  171 

Parietal  organ,  155,  171 

Parorchis,  346,  350 

Parovarium,  375 

Pars  acetabularis,  119,  120 

Patella,  132 

Pecten,  213 

Pectoral  arch,  106 

Pelvic  arch,  109 

Pelvic  plate,  109,  111 

Penis,  377,  379-384 

Pericardium,  300 

Perilymph,  222 

Perinicum,  375 

Perissodactyle  feet,  134 

Peritoneal  funnels,  235 

Peritoneum,  235 

Pes,  126—134 

Phalanges,  126 — 134 

Pharyngeal  teeth  of  Teleosts,  81 

Pharynx,  236,  273 

Phosphorescent  organs,  18 

Physoclisti,  280 

Physostomi,  280 

Pia  mater,  151 

Pigment  of  skin,  18,  19,  20,  26 
Pineal  organ,  155,  159 
Pinna  of  ear,  233 
Pisiform  bone,  128,  133 
Pituitary  body,  155 
Pituitary  space,  67 
Placenta,  allantoic,  9,  337 — 340 
Placenta,  umbilical,  336 — 338 
Placoid  organs,  30 
Plastron,  34 
Pleura,  297 

Pleurocentra,  41,  44,  45 
Pleurodont  dentition,  243 
Pleuronectidas,  asymmetry  of  head,  81 
Plica  semilunaris,  217 
Pneumatic  bones,  93,  99,  130,  295 
Poison  fangs,  243 
Polar  cells,  3 

Polymastism  and  Polythelism,  29 
Polyphyodont,  241 
Prehallux,  127,  128,  133 
Prepollex,  128,  133 
Prepubic  process,  117 
I’repuce,  382 
Primitive  steak,  6 
Pro-amnion,  357 
I’ro-atlas,  46 

Processus  falciformis,  21 1 
Processus  vermiformis,  26(i 
Procoracoid,  107 
Proctodiuiun,  5,  235 
Promontory  of  sacrum,  51 
Proiiephric  duct,  311 
Pronephros,  341 

Pronucleus,  male  and  female,  3 
Propterygium,  122 — 125 
Prostate,  377 
Protocercal  tail,  41 
Protovertebra;,  8,  60 


Proventriculus,  262 

Pseudobranch,  278 

Pterygiophores,  103,  105,  122 — 125 

Pterygopodium,  378 

Pterylse,  21 

Pubis,  114—120 

Pupil,  210 

Pygostyle,  48 

Pyloric  caica,  259 

Quadrate  cartilage,  69 


R. 

Radiale,  126 — 133 
Radii  of  fins,  102,  105,  122 — 125 
Radius,  126 — 133 
Rcceptaculum  chyli,  334 
Rectum,  236 

Reproduction  of  tail  in  Lizards,  47 
Respiratory  organs,  273 — 298 
Rete  testis,  346 
Rctia  mirabilia,  280,  333 
Retina,  208,  214 
Ribs,  11,  52—61 
Ribs,  abdoininal,  56,  57,  58 
Ribs,  cranial,  of  Dipnoi,  82 
Rudimentary  limbs,  109,  121,  127,  129, 
134 

Ruminant  stomach,  265 

S. 

Sacculus,  221 
Bauropsida,  14 

Scala  vestibuli,  tympani,  and  media,  232 
Scales,  18,  20,  26,  30 
Scapula,  107 — 109 
Schizocade,  8 
Sclerotic,  210 
plates,  213 
Scrotal  sacs,  375 
Segmentation  cavity,  4 
nucleus,  3 
of  head,  66 
of  oosperm,  3,  5 
Semicircular  canals,  221 
Sense-capsules,  68 

Sense  organs  of  integuimint,  190 — 196 
Sensory  organs,  189 — 234 
Sejjtum,  oblitjue,  292 
Sesamoids,  136 
Sheaths  of  notochord,  34 
Skeletogenous  layer  of  vertebral  column , 
36 

Skin,  16 
Skull,  64—102 

bones  of,  71,  76 — 102 
Somatopleure,  8 
Spermatozoa,  3,  348 
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iSpinal  cold,  149,  152 
Spines,  neural  and  haiinal,  37 
Spiracle,  75,  277 
Spiracular  eartilage,  75 
Spiral  valve  of  intestine,  257 
Splanchnopleure,  8 
Spleen,  335 
Spongioplasin,  3 

Spots,  blind  and  yellow,  of  retina,  214, 
216 

Stapedial  ])late,  84 

Stapes,  lUU,  231 

Sternum,  11,  56,  58 — 61 

Stoinacli,  236,  257,  262,  263 

Stoniod;eum,  5,  235 

Stratum  corneum  and  Malpighii,  16 

Sublingua,  255 

Sub-notocliordal  rod,  235 

Suetorial  mouth,  73,  86 

Sulci,  154 

Su])rai'cnal  bodies,  370,  385 
Suspensorium,  70,  85,  92 
Swim-bladder  (sec  Air  Uladder) 
Sym])atlietic,  188 

Syiiijibysis  jmbis  and  ischii,  114  121 

Symplectic,  70,  76 
Syrinx,  258 


Tactile  cells  ami  corpuscles,  195 
'ra])ctum,  212 
'Farsalia,  126 — 133 
'I’arsometatarsus,  1 3(  I 
Tarsus,  126 — 133 
Taste,  organs  of,  1 93 
'Feats,  28 

'Feetli,  74.  78,  82,  84,  92,  94,  239—250 
horny,  73,  241,  243,  250 
'Festis,  347,  359—377 
'riiocodont  dentition,  243 
'Fhoracic  duet,  344 
'riiymus,  256 
Thyroid,  255 
'Fhyroid  cartilage,  286 
'Pibia,  126—131 
Tibiale,  126—133 
Tibiotarsus,  130 
'Pissues,  2 
Tongue,  252 

muscles  of,  144 
'Ponsils,  335 
'Fori,  226 

'Prabeculaj  cranii,  67 
'Prachea,  281,  283 
'Priconodont  tooth,  246 
'Fritubercular  tooth,  246 
Trunk, 12 

'Fubides  of  kidtiey,  341 
'Furbinals,  100,  200—203 
'Fusks,  25() 

'Fympanic  membrane  and  cavity,  86,  224 
'Pyphlosole,  257 


U. 

Ulna,  126 — 133 
Ulnare,  126 — -133 
Umbilical  cord,  340 
vesicle,  337 
Uniserial  fin,  122,  124 
Unciform  bone,  132  1 

Uncinate  processes,  56  ^ 

Urachus,  340,  358 
Ureter,  346 
Urethra,  358 

Urinary  bladder,  259,  262,  354,  357,  358 
of  Fishes,  350 
organs,  348—359 
Urinogcnital  organs,  340 — 385 
Urostyle,  41,  44 
Uterus,  363,  373 
masculinus,  377 
Utriculus,  221 

V. 

Vagina,  373 

Vas  deferens,  346 

V'asa  efl’ercntia,  346,  350 

Vascular  system,  299—336 

Veins,  299—318,  322—333 

Velum,  275 

Vent,  235 

Ventricles  of  brain,  156 
V'crtcliral  column,  9,  34-52 
theory  of  skull,  64 
Vertebrarterial  canal,  50 
Vcsicula  seminalis,  354,  363,  377 
Villi  of  intestine,  269 
of  ))lacenta,  338 
Viscera,  1 1 

Visceral  arches,  66,  69,  75 — 85,  88,  93, 
94,  102 

Visceral  tube,  9 
Vitelline  membrane,  3 
Vitello-intestinal  duct,  9 
Vitellus,  2 
Vocal  cords,  283 
Vocal  sacs  of  Anura,  283 


W. 

Wolffian  body,  341 
duct,  346 

X. 

Xiphoid  process,  61 


Y. 

Yolk,  3,  4 
Yolk-sac,  8 

Z. 

Zyganti'a  and  Zygosphenes,  47 
Zygapophyses,  40,  45,  47,  48,  49 
Zygomatic  arch,  100 


